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PREFACE 
The 'Reuse of Drainage Water Project' is a joint activity of the 
technical agencies: 
Drainage Research Institute (DRI), Giza, Cairo in Egypt and 
Institute for Land and Water Management Research (ICW), Wageningen in 
the Netherlands. 
The project is financed by the Ministry of Irrigation of Egypt and by 
the Ministry of Foreign Affairs of the Netherlands in the framework of the 
joint programme of Technical Cooperation between Egypt and the 
Netherlands. 
The Advisory Panel for Land Drainage in Egypt acts as steering 
committee. 
The results of studies, carried out in the 'Reuse of Drainage Water 
Project', will be presented in preliminary reports and in a final report. 
As such, the contents of preliminary reports can vary strongly, from a 
simple presentation of data to a discussion of research results with 
tentative conclusions. 
All opinions, conclusions and recommendations in the reports are 
those of the cooperating Institutes, and not of the Ministry of Irrigation 
of Egypt or the Ministry of Foreign Affairs of the Netherlands. 
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SUMMARY AND CONCLUSIONS 
For the year 1985 the drainage discharges and salinities at a great 
number of locations in the Nile Delta have been determined. Data 
concerning the drainage pumping stations have been collected at most of 
the pumping stations, with the assistance of the pumping station 
engineers. The data of the Mechanical and Electrical Department of the 
Ministry of Irrigation (PROJECT TEAM, 1986) have been used to check the 
data collected by the DRI. These data have been used to calculate the 
actual discharges at the pumping stations applying, the discharge 
relations, established by DRI. Discharges at the open locations have been 
derived from water level measurements and in some cases velocity 
measurements and using the discharge relations also established by DRI. 
The electrical conductivity (EC) has been recorded continuously by EC 
recorders at the open locations and twice a day by EC meters at most of 
the pumping stations. To express the salinity in total dissolved salts 
(TDS) the recorded EC has been multiplied with a TDS/EC ratio. This ratio 
is established on basis of the water sample analyses for the years 1980 -
1985 for each location separately. 
DRI engineers collected data during the routine trips, every three 
weeks, and in the meantime recorders and meters were checked and 
calibrated. They also took water samples at all the measurement locations, 
which were analysed at the DRI laboratory. For all measuring locations the 
calculated results are presented on monthly basis. The yearly totals and 
averages have been summarised per Delta region. 
For the whole Nile Delta, with an area of 4,551,000 feddan (including 
Nubareya Area 280,000 feddan) the total discharge of drainage water during 
1985 was 16,501 million m3. During 1985, a quantity of at least 2,859 
million m3, with an average salinity of 912 g/m3, has been reused 
officially. A total of 13,642 million m3 with an average salinity of 2471 
g/m3 has been discharged to the Mediterranean Sea or to the coastal lakes, 
which are in open connection with the sea. 
Theoretically about 1.6 billion m3 of drainage water in the salinity 
class to 1000 g/m3 and about 4.3 billion m3 in the salinity class of 1000 
- 1500 g/m3 is available for reuse in the irrigation system. 
The Bahr Baqar Drain discharged about 1 billion m3 of drainage water 
with a salinity of about 1100 g/m3 to Lake Manzala. This water is very 
polluted by industrial and urban sewage water and it is considered to be 
unsuitable for reuse. The measured discharge at Bahr Hadus Bridge was 1.6 
billion m3 with a salinity of about 1350 g/m3. The water of these two 
drains is of main importance for reuse in El Salam Project. 
Since more experience has been gained and better methods of 
measurement, analysis and calculation have been used, the results of the 
year 1985 are more reliable than the reported results in the previous 
report of the year 1984 (MAASKANT et al, 1986). The application of 
computer programmes on the Hewlett Packard 150 Personal computer made the 
elaboration and printing of data in matrices and tables more simple and 
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easier to repeat. 
It might be useful to study the differences of the TDS/EC ratio per 
location, which were found by calculation, in more detail (Appendix 1.). 
The TDS/EC ratio established per location, based on the water sample 
analyses of the years 1980 - 1985 differs from year to year and the TDS/EC 
ratio decreases from 720 in the southern part to 620 in the northern part 
of the Delta. It is not in the scope of this report to draw further 
conclusions on this subject. 
• 3 -
1. INTRODUCTION 
1 . 1 . G e n e r a l 
From 1980 till 1984 the salinity of the drainage water at a number of 
locations in the Nile Delta has been determined on a routine basis, 
discharge measurements at the open locations were done. Meanwhile pumping 
station data of the Mechanical and Electrical Department (MED) of the 
Ministry of Irrigation were collected. These data were used to calculate 
the pumping stations discharges. 
Since 1985, at most of the pumping stations time counters have been 
installed and electrical conductivity meters have been distributed. 
Discharges of drainage- and reuse pumping stations are calculated using 
the discharge-head relations, determined by DRI, and the operation hours 
and static head collected. These discharges have been compared with the 
discharges calculated by the Mechanical and Electrical Department to 
prevent basic errors. 
The discharges of 1985 at the open locations are based on continuous 
recorded water levels and measured velocities. The discharges have been 
calculated by using the discharge-relations determinded by DRI. 
The drainage water salinity, expressed in total dissolved salts 
(TDS), is calculated with the recorded and measured electrical 
conductivity (EC) and the ratio between total dissolved salts and 
electrical conductivity. This TDS/EC relation has been established per 
location from the chemical analyses of the water samples during the years 
1980 - 1985. 
The aim of this report is to present the discharges and salinities of 
drainage water as the basis for further analyses of the results obtained. 
Most of the basic work has been done by the Egyptian engineers of DRI. 
They measured in the field, analysed water samples in the laboratory, 
collected data at the Ministry of Irrigation, elaborated data and 
calculated averages and total figures. 
1.2. D i s c h a r g e s a t p u m p i n g s t a t i o n s 
For each drainage pumping station in the Nile Delta a discharge -
head relation (rating curve) has been determined from calibration 
measurements during 1980 - 1985. The calibration data for each pump unit 
(lifting head and discharge) are combined for each pumping station and a 
rating curve is determined. For some pumping stations more rating curves 
are obtained because the capacities of the separate units are different. 
Most of the pumping stations have been equiped with time counters for 
every pump unit separately during end 1984 / beginning 1985. Also level 
gauges have been distributed to the Irrigation Departments. The pumping 
station engineers note the daily operation hours per unit, the average 
daily waterlevel at suction and delivery side and they measure the 
electrical conductivity twice a day. 
The discharge per decade at the pumping stations have been calculated 
by using the rating curves, the average static head (difference between 
delivery and suction level) and the operation time of the units. Within 
the DRI these discharges per decade are available. In this report the 
monthly and yearly discharges are presented (QDRI). 
The Mechanical and Electrical Department collects from all the 
pumping stations in the Nile Valley and Delta basic data: water level at 
suction and delivery side, number of operation hours, electricity 
consumption, total discharge and other data, with the assistance of the 
local offices of the Ministry of Irrigation. These discharges (QMED) and 
the other collected data have been used for comparison of the data 
collected and calculated by the DRI. 
In the summary of results the QDRI and QMED are both mentioned and 
also the ratio between these two discharges (QDRI/QMED). Normally this 
ratio should be about 1, but for the 61 pumping stations mentioned, the 
ratio ranged from 0.41 to 1.33. In chapters 6, 7 and 8 the figures 
concerning QMED, operation hours, head, QDRI and the used discharge 
relations are presented in tables for each pumping station separately. 
1.3. D i s c h a r g e a t o p e n l o c a t i o n s 
During 1985 most of the level recorders and level gauges at the open 
locations have been installed in the Nile Delta. For each open drain 
location, not affected by back water, a stage-discharge relation has been 
determined from calibration measurements during the years 1984 and 1985. 
At the locations with water level recorders the water levels are recorded 
continuously and therefore accurate discharge data have been obtained. 
During the three weekly field trips water level measurements and sometimes 
discharge measurements have been done to check the stage - discharge 
relation. From the recorder sheets the daily average water level has been 
determined and using the discharge relation the daily average discharge 
(m3/sec) has been calculated. Average water levels and total discharges 
(QDRI) per decade, per month and per year have been calculated. 
For the open locations affected by "backwater" from the sea, lakes or 
downstream pumping stations velocity - discharge relations have been 
determined from calibrations performed during 1985 and 1986. At these 
locations the average velocity and water level are being recorded. The 
velocity recorders installed (McCro and ENDECO) had technical breakdowns 
or were after some hours operating partly covered with water plants which 
affected the recording. During field trips the recorders have been cleaned 
and sometimes the velocity at these locations has been measured to 
calibrate the recorded velocity. During the field trips the discharges 
have also been measured at those "backwater" locations, not yet equiped 
with a velocity recorder. However, these incidental measurements gave an 
insufficient insight into the total daily or monthly discharge, due to 
daily discharge variations. 
The reliable results of discharges at open locations are presented in 
chapters 6, 7 and 8. In these chapters the figures concerning the water 
level (WL) in meters above Mean Sea Level, the calculated monthly 
discharge (Q) in million m3 and in case of a "backwater" location, the 
velocity at a certain point (Vpt) in m/sec are presented in tables for 
each open location separately. 
1.4. E l e c t r i c a l c o n d u c t i v i t y a n d s a l i n i t y 
At most of the locations in the network the electrical conductivity 
(EC) has been recorded. At the open locations by EC recorders and at the 
pumping stations by measurements with an EC meter twice a day. At the 
other locations the EC has been measured by DRI engineers during their 
three weekly field trips. During these trips also the recorded EC values 
have been checked. These continuous EC recordings are the basis for 
further elaboration and calculation. Daily EC values have been established 
from these recordings and EC values per decade and monthly weighted 
averages have been calculated per location. These monthly values have been 
used to calculate the yearly weighted EC value per location. 
In the past, till 1984, the analyses of the water samples have given 
the basis of the EC values and the TDS values. These water samples were 
taken during the field trips every three weeks. The EC - and TDS values 
were interpolated to establish the monthly values. These values gave an 
indication of the salinity. A more realistic value is given with the 
results of 1985. However, the EC values of 1985 must be transformed to 
total dissolved salts (TDS) value, commonly used to present the salinity 
of the drainage water. The yearly mean average of the TDS/EC ratio has 
been established for each location separately. This TDS/EC ratio is based 
on the analyses of the water samples during the years 1980 through 1985. 
In Appendix 1 the TDS/EC ratio's are presented in tables and maps. 
Conclusions drawn from these values are: 
- the TDS/EC ratio varies during the year per location less than about 
10 % 
- the yearly average TDS/EC ratio changes from year to year 
- the TDS/EC ratio increases from 720 in this southern part of the Delta 
till 620 in the northern part of the Delta. 
In this report the monthly calculated EC values and the TDS values 
based on the multiplication of EC with the TDS/EC ratio are published. The 
monthly salt load is obtained by multiplying the salinity with the monthly 
discharge. The yearly salt load is found by adding the monthly salt loads. 
In chapters 6, 7 and 8 the figures concerning electrical conducivity, 
TDS/EC ratio, salinity and salt load are presented in tables for each 
location separately. 
1.5. D a t a e l a b o r a t i o n a n d p r e s e n t a t i o n 
All measured and collected data have been entered in a data base 
system using the D-Base programme on the Hewlett Packard 150 personal 
computers at the DRI office. The data management programme "HYDRO" manages 
data elaboration, retrieval and calculations using several subroutines for 
the different types of locations. This results in decade and monthly 
average water levels, EC values, salinities, discharges and salt loads. 
The data presentation programme "YEAR" retrieves monthly data and 
calculates yearly averages and totals and manages the data presentation 
(BIJNSDORP AND MORSI, 1987). 
If, for some locations, no data or incomplete data are available to 
calculate the averages and the yearly totals, the 'NA' label is typed on 
the pertinent position in the data matrix. Although all data have been 
thoroughly checked no absolute guarantee can be given that all presented 
results are completely correct. 
In chapters 6, 7 and 8 the results of pumping stations and open drain 
locations are given on montly basis. A summary of the yearly averages and 
totals are given in chapters 3, 4 and 5 for each Delta area separately. 
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2. THE NILE DELTA 
2.1. D r a i n a g e w a t e r t o t h e M e d i t e r r a n e a n 
S e a 
For each location the average yearly discharge and the weighted 
average salinity has been determined. Subtracting from these totals the 
quantities reused gives the quantities of water drained to the sea. These 
quantities are theoretically available for irrigation of new areas, 
without affecting the present system. Its salinity, however, determines 
the limits for its use. Although in this report only the salinity is used 
to classify the quality, it should be noticed that also the chemical 
composition should be considered before actually reusing this water (Part 
B of this report). 
In order to estimate reliable data on available quantities of 
drainage water, those quantities that are discharged to the Mediterranean 
Sea or to the coastal lakes in open connection with the Sea should be 
considered. In this case the original sources (catchments) and the 
original salinities of the drainage water are not given, but only the 
mixture in quantity and quality at these outfalls is known. 
Because of incomplete field measurements at some outfalls in the 
Middle and Western Delta during 1985, it has been decided to define the 
quantities of drainage water by the quantities of the original sources 
available (catchments). Unknown in this case is the unofficial reuse 
quantity in the drain reaches between the sources and the outfall. 
In Table 1 the discharges to the Mediterranean Sea, the average 
salinities and the salt loads for the three main regions of the Nile Delta 
are presented. The total discharge for each Delta region has been grouped 
into salinity classes and is given in Table 2. More detailed data are 
available in the summary tables of the next three chapters. 
Some remarks on the results in Tables 1 and 2 are the following: 
- the measured discharges at the Bahr Baqar Bridge and at the Bahr Hadus 
Bridge have been used in these tables 
- the discharges of the ten individual pumping stations in the Gharbia 
Drain are presented in these figures 
- the discharges of Burullus and Zagloul PS are taken into account, but 
their salinity is based on measurements in 1986 
- the total discharge of Max PS to the Mediterranean Sea is presented and 
not the different quantities of drainage water delivered to Lake Mariut. 
Table 1. Discharge, salinity and salt load of drainage water to the 
coastal lakes or the Mediterranean Sea during 1985 per Delta 
region 
Delta region Discharge Salinity Salt load 













Total Delta 13,642 2471 33,709 
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Table 2. Available drainage water in the Nile Delta during 1985, within 
















































Compared with the yearly discharges to the coastal lakes and Sea 
during 1984 (MAASKANT ET AL, 1986) there is a decrease of only 2 % from 
13,983 million m3 to 13,642 million m3. The total salt load increased by 
8 %, from 30,972 thousand tonnes to 33,709 thousand tonnes, but this 
increase is is mainly affected by catchment areas with high salinity, that 
were not taken in consideration during 1984. The average salinity 
increased by 10 % from 2214 g/m3 during 1984 to 2471 g/m3 during 1985. 
2.2. R e 
D e 
u s e 
1 t a 
o f d r a i n a g e w a t e r i n t h e N i l e 
The quantities of drainage water reused are the totals of the 
discharges of the reuse pumping stations. This actual reuse of drainage 
water in the Nile Delta is summarised in Table 3. The discharges have been 
grouped into salinity classes and presented in Table 4. 
The quantities in Table 3 should be considered as the minimum 
quantities. Additional reuse has been observed along the Bahr Baqar Drain, 
the Bahr Hadus Drain, the Edko Drain and the Umura Drain. This reuse does 
not concern reuse for agriculture only, but also for fish farms downstream 
the Bahr Hadus Bridge and Barsiq PS. Also reuse from several small 
catchments along the Banks of the Damietta and the Rosetta Branch have not 
been taken into account. Their drainage water flows freely into the Nile 
Branches. The unofficial reuse of the Umum Drain has been estimated at 120 
million m3 per year (MAASKANT ET AL, 1985). The unknown unofficial reuse 
of drainage water affects the total discharge to the Sea or coastal lakes. 
Table 3. Reuse of drainage water in the Nile Delta during 1985. Discharge, 
salinity and salt load per Delta region. 






















Table 4. Reuse of drainage water in the Nile Delta during 1985, within 
















































The percentage of reuse based on the total drainage water quantity 
generated in the Delta is at least 23 % in the Eastern Delta, 13 % in the 
Middle Delta and 17 % in the Western Delta. The reuse quantity for the 
whole Delta is at least 17 % of the total drainage water generated in the 
Delta. 
The total quantity of drainage water from the Nile Delta during 1985 
was 16,501 million m3 of which 2,859 million m3 has been reused 
officially. Compared with the calculated yearly reuse 
1984 (MAASKANT ET AL, 1986) the total quantity of reuse 
noticeable (1984: 2,928 million m3 and 1985: 2,859 
salinity of the reused drainage water increased about 7 % from 851 g/m3 in 
1984 to 912 g/m3 in 1985. 
quantities during 
has not changed 
million m3). The 
3. THE EASTERN DELTA 
3.1. M a i n d r a i n a g e c a t c h m e n t s y s t e m s 
The Eastern Delta almost completely drains into Lake Manzala, which 
in its turn discharges freely into the Mediterranean Sea (fig. 1). A 
considerable area is drained by two main drain systems, the Bahr Baqar 
Drain System and the Bahr Hadus Drain System, both flowing into Lake 
Manzala by gravity. Both systems consist of several catchments. The 
drainage systems of Matareya, Lower Serw and Farasqur consist of one 
catchment each. Their pumping stations deliver the drainage water directly 
to Lake Manzala. The pumping station of the Upper Serw catchment 
discharges its drainage water into the Damietta Branch of the Nile (reuse) 
3.1.1. Bahr Baqar Drain System 
Bahr Baqar originates at the confluence of two drains: Bilbeis Drain 
and Qalyubeya Drain (fig. 2). Bilbeis Drain stems from pump lifted 
drainage water of urban areas (industrial and household sewage water) in 
Greater Cairo and is fed by gravity drainage water on its way. Qalyubeya 
Drain is completely fed by gravity. The two drains discharge approximately 
equal quantities of drainage water annually, but the main quantity of the 
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• ^ P O R T 3!AD 
Open Drain Locations 
EH-1 Bridge Saft (abandoned) 
EH-4 Nizam Bridge 
EH-11 B. Hadus Bridge 
EH-13 B. Hadus Outfall 
EH-14 Kemeeza Bridge 
EH-15 Iddowwar Bridge 
EB-1 Bilbeis Bridge 
EB-2 Bridge Qalyubeya (abandoned) 
EB-4 Wadi Railway Bridge 
EB-5 Saada Bridge 
EB-7 Saud Bridge 
EB-8 B.Baqar Bridge 


































B. Baqar irr. 
B. Baqar 
Fig . 1. Survey of catchments and d r a inage systems in the Eas te rn Del ta 
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Fig. 2. Scheme of the Bahr Baqar Drain system 
Qalyubeya Drain discharge is pumped into Wadi Irrigation Canal at Wadi PS. 
The remaining water flows together with Bilbeis Drain to continue 
thereafter as Bahr Baqar Drain. At first Bahr Baqar Drain is fed by 
gravity, further downstream the pumping stations Saada and Bahr Baqar 
discharge into the drain. From Bahr Baqar Bridge until the Outfall at Lake 
Manzala withdrawal and discharge takes place diffusely and for the greater 
part rather uncontrollable. 
There are six check points for measurements along Bahr Baqar: 
- Bilbeis Bridge in the last reach of the Bilbeis Drain 
- Wadi Railway Bridge giving the total inflow into the Bahr Baqar 
- Saada Bridge 
- Saud Bridge 
- Bahr Baqar Bridge 
- Bahr Baqar Outfall at the crossing with the future El Salam Canal 
3.1.2. Bahr Hadus Drain System 
The Bahr Hadus drainage system starts at the Saft El Qibly Drain, 
that is completely fed by gravity (fig. 3). On the point where its name 
changes into Bahr Hadus, the Hanut pumping station distracts a 
considerable part of its water, feeding it to the Moiis Irrigation Canal. 
Next it receives water from the freely flowing Nizam Drain and from 
the pumping stations Sadaqa, Beni Abeid, Additional Qassabi and Main 
Qassibi. The Nizam Drain is fed by gravity in its upstream part and by 
Nizam pumping station more downstream. From the lower reach of Nizam Drain 
as well as from Bahr Hadus water is reused for irrigation diffusely. 
Upstream of the Baqar Hadus Bridge a side branch conveys the 
discharge from Geneena and Erad pumping stations into the Bahr Hadus. It 
can be stated however, that the discharge from Geneena pumping station is 
entirely reused for irrigation in the Lower Beheira Drain on its way to 
Bahr Hadus. For this reason the Geneena PS is de facto a reuse pumping 
station. 
In the reach between Bahr Hadus Bridge and the Outfall reuse from and 
drainage to Bahr Hadus takes place diffusely and in unknown quantities. 
Before the Outfall the Saft Drain discharges an unknown quantity coming 
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Fig. 3. Scheme of the Bahr Hadus Drain system 
from Saft PS into Bahr Hadus. Saft PS delivers part of its discharge to 
the irrigation system in the Main Qassabi catchment (estimated 30 % ) . The 
remaining drainage water flows to Lake Manzala by Saft Drain and by Ramsis 
Drain. 
Check points for measurements are the following: 
On Saft El Qibly Drain: 
- Gemeeza Bridge 
- Saft El Qibly Bridge 
On Nizam Drain: 
- Nizam Bridge, after the area of free discharge to the drain 
On Bahr Hadus Drain: 
- Iddowwar Bridge, after the inflow of Nizam Drain 
- Bahr Hadus Bridge, after the inflow of Lower Beheira drain 
- New Bahr Hadus Outfall, just before Lake Manzala 
3.2. P u m p i n g s t a t i o n s a n d o p e n l o c t i o n s 
From 1981 till 1984 measurements for the calibration of pumping 
stations and open drain locations have been executed. The main results of 
these calibrations are the discharge - head relations of the units of 
pumping stations and the discharge relations of the open locations 
(BIJNSDORP ET AL, 1985). These relations have been used to calculate 
discharges per decade of the pumping stations and the daily discharges of 
the open locations. 
During 1984 and 1985 water level recorders and electrical 
conductivity (EC) recorders have been installed at the open locations. At 
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most of the pumping stations time counters for every pump unit have been 
installed. The pumping station engineers received an EC meter to measure 
the EC value of the pumped drainage water twice a day. During 3 weekly 
routine trips the DRI engineers checked the recorders and changed the 
recorder sheets at the open locations and collected and checked the noted 
data at the pumping stations. 
3.3. D i s c h a r g e s a n d s a l i n i t i e s i n t h e 
E a s t e r n D e l t a 
The recorded and measured data from the open locations and the 
pumping stations have been elaborated to daily EC values, water levels, 
operation hours and discharges. Using a TDS/EC ratio the salinity in g/m3 
has been calculated for each location separately. 
The daily values have been totalized to decade, monthly and yearly 
total discharges, salt loads, average water levels (heads) and salinities. 
These hydrological values are presented for all locations of the Eastern 
Delta separately in chapter 6. 
The water samples, taken during the field trips, have been analysed 
by the DRI laboratory. These chemical analyse^ are presented in part B of 
this report. The basic sample analyses are available at the DRI 
laboratory. 
A summary of the hydrological results, based on the yearly total 
discharges, average weighted salinities and salt load is presented in 
Table 5. The final calculation of this summary gives: 
- the total quantity of drainage water released to the coastal Lake 
Manzala was 4,272 million m3 with a salt load of 6,221 thousand tonnes, 
resulting in an average salinity of 1456 g/m3 
- the total quantity of drainage water officially reused in the irrigation 
system was 1,284 million m3 with a salt load of 1,138 thousand tonnes, 
resulting results in an average salinity of 886 g/m3 
Some comments on this summary are the following: 
- almost all drainage water from Qalyubeya Drain is pumped by Wadi Reuse 
PS (EB03) into El Wadi Canal 
- almost all drainage water passing Saft El Qibly Bridge (EH01) is pumped 
by the Reuse PS Hanut (EH02) into the Hanut Irrigation Canal 
- it has been assumed that all drainage water pumped by Geneena PS (EH09) 
is reused by the farmers before the confluence with Erad PS 
- El Arin catchment (EH16) is part of the Saft catchment. Only water 
samples are taken at this location 
- Saft PS (EH12) gives the discharge and the salinity of its complete 
catchment, including El Arin Catchment. A distribution structure diverts 
part of the drainage water (estimated 30 %) into the Main Qassabi 
catchment. The remaining 70 % flows partly through Saft Drain to Bahr 
Hadus and partly through Ramsis Drain to Lake Manzala directly 
- Upper Serw PS (ES01) pumps its drainage water into the Damietta Branch 
from where the water is used downstream 
- the discharge at Bahr Baqar Bridge (EB08) is obtained from a less 
reliable rating curve 
- the discharge at Bahr Hadus Bridge (EHll) is obtained from a sensitive 
rating curve 
The average salinity of the drainage water per catchment area is 
classified and presented in fig. 4. The salinity of the drainage water in 
the high elevated catchments in the southern part and the catchments, 
-13-
Table 5. Summary of discharges, drainage rates, salinities and salt 
of the Eastern Delta in 1985 
loads 
CATCHM.AREA • CATCHMENT AREA upatreaaa of th« puap atatlon or location In thousand feddan (I0~3fd) 
Q MED • DISCHARGE OP THE PUHP STATION CALCULATED BY THE MECH.» ELECTRICAL DEP. yearly total In Billion B 3 ( 1 0 " 6 B 3 > 
Q DR1 - DXA1NACE WATER DISCHARGE CALCULATED BY DR1 yearly total In Billion .3 (10*6a3> 
QD/QM • RATIO between Q DRI and Q MED (ratio) 
DX.RT • DRAINAGE RATE In ailliaetere per day (an/day). Inclusive aewage water 
EC • ELECTRICAL CONDUCTIVITY of the drainage water in allllahoe per ca or allllSleaena per ca (aS/ca) 
TDS • TOTAL DISSOLVED SALTS yearly average in graaa SALT per a) (g/a3) 
TDS/EC • RELATION between TDS and EC (ratio) 
SALTLD - SALT LOAD yearly total In thouaand tona SALT (10*3tn) 
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') for coBBcnte aee chapter 3 
adjacent to the Damietta Branch of the Nile, is significantly lower than 
that of the catchments situated in the lower regions and at the ends of 
the irrigation system. The high salinity of the Bahr Baqar PS catchment 
(EB10) can be due to the fact that new agricultural lands are leached in 
this catchment. On the other hand the higher salinity in the north-
eastern part of the Eastern Delta may be caused by seepage and reuse of 
more saline drainage water. 
4. THE MIDDLE DELTA 
4.1. M a i n d r a i n a g e c a t c h m e n t s s y s t e m s 
The Middle Delta is divided into a number of main catchment systems. 
Most of the catchments of these systems are drained through pumping 
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MG-12 Hafir Shehab Eddin 
Fig. 5. Survey of catchments and drainage systems in the Middle Delta 
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The main drain systems are the Drain No 1 system in the north-eastern 
part of the Middle Delta, the Gharbia Drain system covering the central 
part and the Nashart Drain system in the western part of the Middle Delta. 
The other drainage systems consist of one catchment: Tira PS, PS No 
7, Lower PS No 8, PS No 11 and Burullus PS pump the drainage water from 
their catchments into Lake Burullus separately. Lake Burullus is in open 
connection with the Mediterranean Sea. The catchment areas of the Tilla 
and Sabal Drain in the south-western part of the Middle Delta, discharge 
directly into the Rosetta Branch of the Nile (reuse). 
4.1.1. Drain No 1 System 
The drain No 1 drainage system consists of two sub systems, one 
served by PS No 2 and the other by Lower PS No 1 (fig. 6). In the latter 
sub system Upper PS No 1 discharges part of the drainage water into the 
Damietta Branch of the Nile. Gates just downstream of the bridge M102 
regulate the level and the discharge to the catchment served by the Lower 
PS No 1. The total discharge of PS No 1 and No 2 is conveyed in one 
channel to the Mediterranean Sea. 
There are no separate check points in this system. 
to Damietta Branch 
Upper P.S. 
Lower P.S. no 1 M 




M14 PS no 2 
• 
Drain no 1 Bridge Drain no 1 
•pprox. distance (km) 
Fig. 6. Scheme of the Drain No 1 system 
4.1.2. Gharbia Drain System 
In the Gharbia Drain System no catchment is drained by gravity 
(fig. 7). The system consists of ten pumping stations of which three reuse 
pumping stations. The East Menufeya and the Mahallet Ruh PS in the 
upstream part of the system pump their drainage water almost completely 
into the irrigation system. 
? PS. no 5 
S * ", 
S 2 a' 
PS no 3 
MG-10' 
n MG 11 
-A-
P S. no 4 
' * M G - 9 
M G 8 ^ 





Bridge no 7 Reuse 
' * J M G 6 "" 
'ÇA * 
M G 5 
MG2 Segaaya P.S. 
Reuse Samatay PS. u 
Bridge no 6 G n a r b " D r a , n MG4 in MG 3 
apfxox. diIMnce (kml 
Fig. 7. Scheme of the Gharbia Drain System 
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The pump stations Samatay, Segaaya, No 5 and No 6 discharge directly, 
or via a side branche, into the Gharbia Drain. Directly after PS No 6 the 
Hanut PS lifts water from the Gharbia Drain into the Tira Irrigation 
System. Further downstream a side branch conveys the input of the pump 
stations No 3 and No 4 into the Gharbia Drain. The last drainage pump 
station is Hafir Shehab El Din, whereafter the drain continues to the 
Mediterranean Sea. 
Both official and non-official reuse intakes are found along the main 
part of the Drain. 
The check points for measurements are: 
- Bridge No 6 
- Bridge No 7 after the inflow of the discharge from PS No 3 and No 4 
- Gharbia Outfall 
4.1.3. Nashart Drain System 
Nashart Drain can be considered to begin at the delivery side of 
Upper PS No 8. On its way to Lake Burullus it collects the water from 
Mandura PS (drain No 9) and Zeini PS. It flows into the Lake by gravity 
(fig. 8). 
A check point is Nashart Outfall at the inflow of Drain No 9 just 
before the Lake. 
MN 3 Nathan Drain Outfall Upper P.S. no 8 
Zeini P.S. 
Nashart Drain 
_ Mandura P.S. 
M N 2 
22 
•pproK distance 1km) 
Fig. 8. Scheme of the Nashart Drain system 
4.2. P u m p i n g s t a t i o n s a n d o p e n l o c a t i o n s 
From 1981 till 1984 measurements for the calibrations of pumping 
stations and open drain locations have been executed. The main results of 
these calibrations are the discharge-head relations of the units of the 
pumping stations and the discharge relations of the open locations 
(BIJNSDORP ET AL, 1985). These relations have been used to calculate the 
discharges per decade of the pumping stations and the daily discharges of 
the open locations. 
During 1984 and 1985 water level recorders and electrical 
conductivity (EC) recorders have been installed at the open locations. At 
most of the pumping stations time counters for every pump unit have been 
installed. The pumping station engineers received an EC meter to measure 
the EC value of the pumped drainage water twice a day. During 3 - weekly 
routine trips the DRI engineers checked the recorders and changed the 
recorder sheets at the open locations and collected and checked the noted 
data at the pumping stations. 
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4.3. D i s c h a r g e 
M i d d l e D e l t 
a n d s a l i n i t i e s i n t h e 
The recorded and measured data from the open location and the pumping 
stations have been elaborated to daily EC values, water levels, operation 
hours and discharges. Using a TDS/EC ratio the salinity in g/m3 has been 
calculated for each location separately. The daily values have been 
totalised to decade, monthly and yearly total discharges, salt loads, 
average water levels (or heads) and salinities. These hydrological values 
are presented for all locations of the Middle Delta separately in chapter 
7. 
The water samples, taken during the field trips, have been analysed 
by the DRI laboratory. These chemical analyses are presented in part B of 
this report on a monthly basis. The basic sample analyses are available at 
the DRI laboratory. 
A summary of the hydrological results, based on the yearly total 
discharges, average weighted salinities and the salt load is presented in 
Table 6. 
Table 6. Summary of discharges, drainage rates, salinities and salt 












• CATCHMENT AREA upetreaas of the pimp etatlon or location In thousand feddan (10~3Ed) 
• DISCHARGE Or THE PUMP STATION CALCULATED BY THE MECH.» ELECTRICAL DEP. yearly total In Billion a3(10"6a3) 
- DRAINACE WATER DISCHARCE CALCULATED BY DRI yearly total In allllon a 3 (10~6a3) 
• RATIO between Q DRI and Q MED (ratio) 
• DRAINACE RATE In allliaetere per day (on/day), inclusiv« sewage water 
• ELECTRICAL CONDUCTIVITY of the drainage water in allllahos per c. or allllSleaens per ca (aS/ca) 
• TOTAL DISSOLVED SALTS yearly average in gr.ml SALT per a3 (g/a3) 
• RELATION between TDS and EC (ratio) 
• SALT LOAD yearly total in thousand tone SALT (10*3tn) 
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'} for ciMMnti ••« chapter 4 
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The final calculation of this summary gives : 
- the total quantity of drainage water released to the coastal Lake 
Burullus or the Sea was 5,057 million m3, with a salt load of 11,535 
thousand tonnes, resulting in an average salinity of 2281 g/m3 
- the total quantity of drainage water officially reused in the irrigation 
system was 777 million m3 with a salt load of 685 thousand tonnes, 
resulting in an average salinity of 882 g/m3 
Some comments on this summary are the following: 
- a small quantity of drainage water from East Menufeya (MG01) catchment 
is flowing freely into the catchment of the Segaaya PS (MG02) 
- the Hamul Reuse PS (MG08) is not pumping the drainage water from the 
Gharbia Drain during the closure period. During this period the salinity 
of the Gharbia Drain is above average. 
- the Burullus catchment (MB01) and the Zagloul PS (MZ01) are included in 
the measurement network. The data presented are the monthly discharges 
of the pumping stations as provided by the Mechanical and Electrical 
Department. The salinities of the year 1986 are used as a first 
estimation 
- at the Sabal Outfall (MS01) insuffient discharge and EC measurements 
have been done. The yearly discharge and salt load are estimations. 
The average salinity of the drainage water of each catchment has been 
classified and presented in Fig. 9. 
The salinities of the drainage water in the high elevated catchments 
in the southern part and most of the catchments adjacent to the Nile 
Branches are low compared with the other catchments. 
5. THE WESTERN DELTA 
5.1. M a i n d r a i n a g e c a t c h m e n t s s y s t e m s 
The main drain systems are the Edko Drain system, covering the north-
eastern part of the Western Delta and the Umum Drain system which is 
situated between the Edko Drain System and the Nubarya Canal near the 
Western Desert. The Barsiq PS pumps its drainage water into Lake Edko. 
Lake Edko is in open connection with the Mediterranean Sea (Fig. 10). 
Tabia PS pumps its drainage water, that is very polluted by 
industrial and household sewage water, directly into the Mediterranean 
sea. The drainage water from the small catchment Rashid (in the north) is 
pumped into the Rosetta Branch of the Nile. The Shubraris Area along the 
Nile is drained by gravity into the Rosetta Branch. 
During 1985 drainage excess from the newly reclaimed Nubarya Area was 
discharged into Lake Mariut as well. In 1986 the Nubarya Drain continues 
directly to the Mediterrean Sea. Close to the shiplocks in the Nubarya 
Canal at Amarya City is a diversion structure that will divert high 
drainage water discharges from the Nubarya Drain into Lake Mariut. 
5.1.1. Edko Drain System 
In the Edko Drain System four reuse pumping stations Etay El Barud, 
Dilingat, Khandak El Gharby and Edko Irrigation pump their drainage water 
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Fig. 9. Average s a l i n i t y , of the drainage water in the Middle Delta in 
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Fig. 10. Survey of catchments and drainage systems in the Western Delta 
-22 -
Halq El Gamal P.S. 
WE 3 6 
" " R e u . * •">»" P-S-' 
WE 12 Halq El Gamal 




<J)Edko Irr. P.S. QEtay 
f W E 4 1 f W E I 
WE 6 O K 
Edko Drain 
Barud PS 
handak El Gharbi PS. 
Khairy P.S. 
JÓDI WE SQ ilingatP.S. 
Fig. 11. Scheme of the Edko Drain system 
three pumping stations is almost completely reused. The Edko Irrigation PS 
pumps only part of the drainage water, from the mixture of Shubrakhit and 
Zarqun pumping stations, into the Mahmoudya Canal. The surplus of the 
drainage water of both pumping stations flows together with the drainage 
water of El Khairy PS towards Lake Edko. 
The pumping stations Halq El Gamal, Edko Drainage and Bosseily pump 
their drainage water into the Edko Drain which flows freely into Lake Edko 
and into the Mediterranean Sea thereafter. Reuse of drainage water for 
irrigation purposes takes place officially as well as non-officially along 
main parts of the Drain. 
Check points along the Edko Drain are: 
- Halq El Gamal Bridge just after the PS Halq El Gamal 
- Edko Bridge (first abandoned, rehabilitated in 1986) in the last reach 
of Edko drain 
- Edko Outfall (abandoned), just before the Lake. 
5.1.2. Umum Drain system 
In the Umum Drain System only the Abu Hommes Area is drained by 
gravity (Fig. 12). The reuse pumping station Mariut Khalt pumps its water 
from the Umum Drain into the Nubarya Canal after the drainage water inputs 
of Shereishra PS and Truga PS. More downstream the pumping stations 
Dishudi, Hares and Abies discharge into the Umum Drain. The Umum Drain 
itself flows freely into Lake Mariut. 
Also flowing into Lake Mariut is the drainage water of Qalaa PS which 
is very polluted by industrial and sewage water of Alexandria and surplus 
water from the shiplock at the end of the Nubarya Canal. Because the level 
of Lake Mariut is about 2 m below Mean Sea Level the drainage water from 
Lake Mariut is pumped by El Max PS into the Mediterranean Sea. 
Reuse of drainage water takes place along the whole Umum Drain. The 
plans of the Ministry of Irrigation include the use of one billion m3 of 
Umum Drain water by mixing it with the water of Nubarya Canal at km 46. 
Three check points are defined: 
- Shereishra Bridge giving the salinity of drainage water from the Abu 
Hommes Area 
- Shereishra Market Bridge, measuring the discharge of the Abu Hommes area 
and Sherishra PS 
- Dishudi Bridge, just before the input of Hares and Dushudi PS 
• 2 3 -
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Fig. 12. Scheme of the Umum Drain system 
5.2. P u m p i n g s t a t i o n s a n d o p e n l o c a t i o n s 
From 1981 till 1984 measurements for the calibration of pumping 
stations and open drain locations have been executed. The main results of 
these calibrations are the discharge-head relations of the units of the 
pumping stations and the discharge relations of the open locations 
(MAASKANT ET AL, 1985). These relations have been used to calculate the 
discharges per decade of the pumping stations and the daily discharges of 
the open locations. 
During 1984 and 1985 water level recorders and electrical 
conductivity (EC) recorders have been installed at the open locations. At 
most of the pumping stations time counters for every pump unit have been 
installed. The pumping station engineers received an EC meter to measure 
the EC value of the pumped drainage water twice a day. During 3 - weekly 
routine trips the DRI engineers checked the recorder and changed the 
recorder sheets at the open locations and collected and checked the noted 
data at the pumping stations. 
5.3. D i s c h a r g e s a n d 
W e s t e r n D e l t a 
s a l i n i t i e s l n t h e 
The recorded and measured data from the open locations and the 
pumping stations have been elaborated to daily EC values, water levels, 
operation hours and discharges. Using a TDS/EC ratio the salinity in g/m3 
has been calculated for each location separately. The daily values have 
been totalised to decade, monthly and yearly total discharges, salt loads, 
average water levels (heads) and salinities. These hydrological values are 
presented for all locations of the Western Delta separately in chapter 8. 
The water samples, taken during the field trips, have been analysed 
by the DRI laboratory. These chemical analyses are presented on a monthly 
basis in part B of this report. The basic sample analyses are available at 
the DRI laboratory. 
A summary of the hydrologial results, based on the yearly total 
discharges, average weighted salinities and salt load is presented in 
Table 7. 
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Table 7. Summary of discharges, drainage rates, salinities and salt 
of the Western Delta in 1985 
loads 
CATCHM.AREA • CATCHMENT AHA upitrtiM of the puap nation or location In thousand feddan (10'Jfd) 
Q MED • BISCHARCE Or THE PUMP STATION CALCULATED IV THE MECH.4. ELECT«1CAL DEP. yearly total In allllon a3(10"6a3) 
Q DRI • DRAINACE HATE! DISCHARGE CALCULATED IV DM yearly total In Billion »3 (10*6a3) 
QD/QM • IAT10 b*tv«*n Q DRI and Q MED (ratio) 
DR.KT • DHA1NACE RATE In allllaetere per day (aa/dey), lnclualva sewage wattr 
EC - ELECTRICAL CONDUCTIVITY of tha drainage water In allllahoe per ca or allUSleaeni per ca (aS/ca) 
TDS - TOTAL DISSOLVED SALTS yearly averag» In graas SALT per a3 (t/.3) 
TDS/EC - RELATION between TDS and EC (ratio) 
SALTLD • SALT LOAD yearly total in thouaand tone SALT U0"3tn) 































ETAY EL IARUD FS REUSE 
SWIBRAKHIT PS 
ZARQUN PS 
EDKO IRRIGATION PS REUSE 
DILINCAT PS REUSE 
KHANDAK EL CHARBY PS REUSE 
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EDKO DRAINAGE PS 
BOSSEILY PS 
EDKO OUTFALL CHECK 
BAJtSIQ PS 
TABIA PS 
BORC RASHID FS 
BOUSTAIN P.S. REUSE 
SHERESHERA BRIDGE 
SHERESHERA FS 
SHERESHERA MARKET BR. 
TRUCA FS 
HARIUT KHALT FS REUSE 
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') for coaaenta aee chapter 5 
The final calculation of this summary gives: 
- the total quantity of drainage water released to the coastal Lake Edko 
or the Sea was 4,313 million, with a salt load of 15,953 thousand tonnes 
resulting in an average salinity of 3699 g/m3 
- the total quantity of drainage water officially reused in the irrigation 
system was 798 million m3, with a salt load of 785 thousand tonnes, 
resulting in an average salinity of 984 g/m3 
Some comments on this summary are the following: 
- directly downstream of Halq El Gamal Bridge (WE09) an official 
irrigation intake diverts drainage water from the Edko Drain to the 
irrigation system in the catchment of Edko Drainage PS (WE10) 
- after the Bosseily PS (WEll) the farmers reuse drainage water from the 
Edko Drain 
- at Shereishra Bridge (WU01) the quantity and the quality of the drainage 
water of the Abu Hommes Area have been measured 
- at Shereishra Market Bridge (WU1A) the confluence of Abu Hommes Area 
(WU01) and Shereishra area (WU02) is measured 
- the Mariut Khalt Reuse PS pumps part of the drainage water of the Umum 
Drain into the Nubarya Canal. No quality measurements have been done at 
this pumping station. It is assumed that the salinity of this water is 
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equal to the drainage water at Dishudi Bridge (WU04) 
- the quantity and quality of the drainage water pumped by El Max PS 
depends mainly on the discharges of the Umum Drain, El Qalaa PS, the 
drainage water of Nubarya Area and the surplus water of the shiplock at 
the end of Nubarya Canal. The catchment area of Max PS is 726,000 feddan 
(including 280,000 feddan Nubarya Area). 
The average salinity of the drainage water per catchment is 
classified and presented in Fig. 13. The salinities of the drainage water 
in the high elevated catchments in the south - eastern part and the 
catchments adjacent to the Rosetta Branch of the Nile are low compared 
with the other catchments. The quality and quantity of the drainage water 
of the Tabia PS and the Qalaa PS are directly effected by the industrial 
and sewage water from the city of Alexandria. Therefore no comparison with 
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Fig. 13. Average salinity of drainage water in the Western Delta in g/m3 
salts during 1985 
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6. DISCHARGES AND SALINITIES EASTERN DELTA DURING 1985 
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Results based mainly on Incidental measurements 




























































































































TDS/EC • 703 
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EB04 WADI RAILWAY BRIDGE 1985 







































































































EB05 SAADA BRIDGE 1985 






































































































EB06 SAADA P.S. 1985 














































































































































In first quarter EC from routine measurements 
EB07 SAUD BRIDGE 1985 







































































































EB08 B.BAQAR BRIDGE 1985 
Discharge relation ! Q • 25.99*(W +0.26) TDS/EC - 708 
I MONTH I W.L. 
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Discharge obtained from a less reliable Q-h curve 
1985 
All units 









• 0.00 * head 
Q dri E.C. 
mill. m3 mS/cm 
TDS/EC - 696 
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From August on pumphours from MED 
EB10 B. BAQAR P.S. 1985 
All units 









• 0.00 * head 
Q drl E.C. 
mill. m3 mS/cm 
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TDS/EC • 687 
SALTLOAD 1 
















EH03 SADAQA P.S. 1985 








































































































































From July through October EC from routine measurements 
EH04 NIZAM BRIDGE 1985 
Discharge relation i Q » 7.03*(W - 0.30) TDS/EC » 680 
I MONTH I V.L. DISCHARGE E.C. TDS SALTLOAD I 
I I m.aMSL mill. m3 nS/cm g/m3 mill, kg I 
I JAN I 1.53 22.77 2.20 1495 34.04 I 
I FEB I 1.00 11.47 2.00 1359 15.59 I 
I MAR I 1.36 19.84 1.30 883 17.51 I 
I APR I 1.25 17.25 1.30 883 15.23 I 
I MAY I 1.29 18.62 1.00 679 12.65 I 
I JUN I 1.36 19.22 1.00 679 13.06 I 
I JUL I 1.59 24.55 1.10 747 18.33 I 
I AUG I 1.67 25.89 1.20 815 21.10 I 
I SEP I 1.70 25.53 1.30 883 22.54 | 
I OCT I 1.55 23.43 1.10 747 17.49 I 
I NOV I 1.21 16.61 1.20 815 13.53 I 
I DEC I 1.49 22.49 1.10 747 16.79 I 
I YEAR I 1.42 247.67 1.29 880 217.86 I 
I MIN I 1.00 11.47 1.00 679 12.65 I 
I MAX I 1.70 25.89 2.20 1495 34.04 I 
EH05 NIZAM P.S. 
All units > Q 4.27 0.62 * head 
1985 







































































































































EH06 BANI EBEID P.S. 
All units 7.52 1.24 * head 
1985 







































































































































Pumphours from MEDj EC from routine measurements 
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EH07 ADD. QASSABI P.S. 




















I Q med 
























































































































































































































































TDS/EC - 627 
SALTLOAD 1 
















Pumphours from MEDj EC from routine measurements 



























































































































TDS/EC • 662 
SALTLOAD I 
















EH10 ERAD P.S. 1985 







































































































































Pumphours from MED; EC from routine measurements 
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TDS/EC » 642 
SALTLOAD 1 













































































































































TDS/EC • 631 
SALTLOAD I 
















Pumphours from MED; EC from routine measurements 
EH14 GEMEEZA BRIDGE 1985 








































































































EH15 IDDOWWAR BRIDGE 1985 






































































































EM01 MATARIA P.S. 1985 








































































































































Pumphours from MED; from June on EC from routine measurements 
ES01 UPPER SERW P.S. 1985 







































































































































Pumphours from MED; EC partly from routine measurements 
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ES02 LOWER SERW P.S. 
All units 11.16 1.19 * head 
1985 














































































































































Pumphours from MED; EC from routine measurements 
EF01 FARASQUR P.S. 
All units : Q 5.07 0.00 * head 
1985 















































































































































7. DISCHARGES AND SALINITIES MIDDLE DELTA DURING 1985 
M101 UPPER P.S. NO 1 1985 







































































































































Pump hours mainly from MED; EC from routine measurements 
M102 BRIDGE DRAIN NO 1 1985 






































































































Estimation discharges months June till November 





Q « 1.90 - 0.00 * head 
Q • 4.34 - 0.00 * head 
Q - 8.64 - 0.00 * head 
Q - 13.01 - 1.33 * head 







































































































































Pump hours from P.S. files; EC from routine measurements 
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TDS/EC » 644 
SALTLOAD 1 
















EC from routine measurements 




Q • 8.01 -
Q - 3.67 -
0.23 * head 




I MONTH I Q med HOURS 
I I mill.m3 

























































































































EC from routine measurements 



































































































































TDS/EC - 690 
....«.»...m* 
SALTLOAD ! 

















MG03 MAHALLET RUH P.S. 1985 











































































































































» . . . » C * . . . B 
2.78 1 
7.08 1 
EC from routine measurements 
MG04 SAMATAY P.S. 1985 







































































































































MG05 P.S. NO 5 1985 









































































































































MG06 GHARBIA BR. NO 6 1985 













































































































1 MONTH 1 
1 1 
1 JAN 1 
1 FEB 1 
1 MAR 1 
1 APR 1 
1 MAY 1 
1 JUN 1 
1 JUL i 
1 AUG 1 
1 SEP 1 
1 OCT 1 
1 NOV I 
1 DEC 1 
1 YEAR 1 
1 MIN 
1 MAX 








































































» Q • 



































































































































































TDS/EC - 633 
SALTLOAD I 

















TDS/EC » 660 
SALTLOAD I 
















Pump hour* first trimester fron MED 
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MG09 P.S. NO 4 
A U unlti î Q • 11.22 - 1.51 * head 
1985 




































































































































































































































































TDS/EC - 634 
SALTLOAD 1 
















Pump hours in 6 months from MED 
MG11 GHARBIA BR. NO 7 1985 






































































































Estimation water level April 
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MG12 HAFIR SH. EL DIN P.S 1985 
i Q • 10.12 - 1.18 * head TDS/EC - 625 















K E B B B B X B B I 
1 MIN 
1 MAX 




















































B C B K B B C 
3.32 
4.06 
















B B B E S W B B S 9 
13.17 
40.39 






































i » a t n i » K > t 
SALTL0AD 1 














V B B B B B B B B B B * 
116.72 1 
219.09 1 
MG13 GHARB1A OUTFALL 1985 







































































































Discharges and salinities not very reliable 
All EC from routine measurements 
MT01 TIRA P.S. 
All units 
» K K K K B B S K 
1 MONTH 1 
1 1 
1 JAN I 
1 FEB 1 
1 MAR 1 
1 APR I 
1 MAY 1 
1 JUN 1 
1 JUL 
1 AUG 






























































0.00 * h 























































TDS/EC - 624 
SALTLOAD 1 
















Pump hours in first quarter from MED 































































































































TDS/F.C • 634 
SALTLOAD I 
















Pump hours partly from MED; EC from routine measurements 
M801 P.S. LOWER NO 8 1985 







































































































































MN01 UPPER P.S. NO 8 1985 
All units 
I MONTH 1 
1 1 
1 JAN I 
1 FEB I 
1 MAR I 
1 APR I 
1 MAY I 
1 JUN 1 
1 JUL 1 
1 AUG 1 
1 SEP 1 
I OCT 1 
1 NOV I 
1 DEC 1 
1 YEAR I 
1 MIN I 










































































































TDS/EC » 668 
SALTLOAD I 

















MN02 MANDURA P.S. 
All untts 10.69 1.24 * head 
1985 







































































































































MN03 NASHART OUTFALL 
Discharge rel. : Q 
1985 






















1 N A 
1 N A 
1 0.46 
1 0.33 




























































N A 1 
N A 1 
28.34 1 
46.56 1 





N A 1 
0.00 1 
46.56 1 
All data from routine measurements 







0.89 * head 
1.20 * head 
1985 
TDS/EC " 635 
I MONTH I Q med 
I mill.m3 
HOURS HEAD Q dri 
























































































































Pump hours mainly from MED) EC mainly from routine measurements 
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Mill P.S. MO 11 
All units 7.05 0.00 * head 
1985 







































































































































EC from routine measurements 
MB01 BURULLUS P.S. 
All units ' Q 3.00 0.00 * head 
1985 



















































































































































mill, kg 1 
N A 1 
N A I 
N A I 
N A I 
N A 1 
N A I 
N A I 
N A I 
N A I 
N A I 
N A I 
N A I 
N A 1 
0.00 1 
0.00 I 
All data from MED 
MZ01 ZAGLOUL P.S. 
All units 5.00 - 0.00 * head 
1985 



















































































































































mill, kg I 
N A I 
N A | 
N A | 
N A I 
N A I 
N A I 
N A I 
N A I 
N A I 
N A I 
N A I 
N A I 
N A I 
0.00 I 
0.00 I 
All data from MED 
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MKOl TILLA OUTFALL 
Discharge relation i Q • 13.39*(W - 2.47) 
1985 









































































































C C E C C r . C ^ e c 
1.51 1 
17.76 1 
Data for Jan. till July from routine measurements 
MS01 SABAL OUTFALL 
Discharge rel. i Q - 22.46*(W -
1985 






















































































mill, kg 1 
N A 1 
N A 1 
N A 1 
N A 1 
N A I 
. N A 1 









Estimation year discharge : (50.51/5)*12 - 120*10*6 m3 
Estimation year saltload i (38.77/5)*12 - 93*10*6 kg 
-46-
8. DISCHARGES AND SALINITIES WESTERN DELTA DURING 1985 








































































C B * * Z Z . 
3.16 
4.66 
























































TDS/EC • 687 
SALTLOAD 1 














O C C C C B C B C * 
2.32 1 
7.76 1 





























































































































TDS/EC - 682 
SALTLOAD I 













































































































































TDS/EC » 656 
SALTLOAD I 

















WE04 EDKO IRR. P.S. 1985 
All units 
1 MONTH 1 
i JAN | 
1 FEB | 
1 MAR 1 
1 APR 1 
1 MAY I 
1 JUN I 
1 JUL | 
1 AUG I 
1 SEP 1 
1 OCT I 
1 NOV I 
1 DEC I 
1 YEAR I 
••*****».» 
1 MIN I 
















» I t E t t E t l 
9.36 
33.63 





























































































TDS/EC - 685 
SALTLOAD I 














K K S * K S K K X B K X 
6.56 1 
24.42 1 
WE05 D1LINGAT P.S. 1985 



































































































































































































































































TDS/EC » 697 
SALTLOAD 1 

















WE07 KHAIRY P.S. 
All units Q - 7.14 - 1.39 * head 
1985 













































































































































WE08 HALQ EL GAMAL P.S. 
All units i Q 4.83 0.70 * head 
1985 







































































































































WE09 HALQ EL GAMAL BRIDGE 1985 






































































































Discharges from a less accurate rating curve 
All data from January till April from routine measurements 
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c •=».« = = 
2.28 
3.40 

























































TDS/EC - 638 
SALTLOAD 1 














. » » . . c e t . . . 
19.90 1 
39.72 1 
WE11 BOSSEILLY P.S. 1985 







































































































































Pumphours from MED; EC from routine measurements 
WB01 BARSIQ P.S. 1985 
All units 
1 MONTH 1 
1 1 
1 JAN 1 
1 FEB 1 
1 MAR 1 
1 APR 1 
1 MAY 1 
1 JUN 1 
1 JUL 1 
1 AUG 1 
















































































































TDS/EC - 651 
SALTLOAD I 
















Pumphours from HED; EC from routine measurements 
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WTOl TABIA P.S. 
All units > Q 7.85 - 0.00 * head 
1985 















































































































































W01 SHEREISHRA BRIDGE 
Discharge rel. i Q 
1985 

















































































N A 1 
5.79 1 
23.44 1 
Hm; Q and EC from field trips (3 veekly). Results indicative 
WU02 SHEREISHRA P.S. 
All units 7.90 0.00 * head 
1985 




































































































































































































































TDS/EC - 653 
SALTLOAD 1 
















Discharge estimated from a less reliable rating curve 
WU03 TRUGA P.S. 1985 







































































































































EC from routine measurements ; pumphours from MED 
WU04 DUSHUDI BRIDGE 1985 























































































































Velocities from occasional measurement» 
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VU05 DUSHUD1 P.S. 1985 













































































































































Pumphours from MED; EC from routine measurements 
WU06 HARES P.S. 1985 







































































































































Pumphours from MED; EC from routine measurements 
WU07 ABIES P.S. 1985 
DIESEL 
ELECTRIC 
1.00 - 0.00 * head 
0.31 - 0.00 * head 















































































































































0.00 * head 
0.00 * head 
1985 












































































































































i Q - 16.80 -
s Q - 15.32 -
1.60 * head 
1.60 * head 
1985 








































































































































WU10 MARIUT KHALT P.S. 
All units ' Q - 5.74 0.00 * head 
1985 























































































































mill, kg I 
N A I 
26.17 1 
41.56 1 
N A 1 
N A 1 
N A 1 
N A 1 
N A I 
N A I 
N A 1 
N A 1 
38.97 1 
N A 1 
0.00 1 
41.56 1 
Pumphours from MED; EC fron routine measurements 
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1. INTRODUCTION 
The growing population of Egypt requires an increase in the 
production of food and fibres. It also requires new land to substitute 
land lost due to newly built housings and roads. Four strategies have been 
developed to meet the requirements. Among others reuse of drainage water 
is a strategy to provide additional irrigation water for areas that will 
be reclaimed. In the five-year plan 1982-1987 for a total area of about 
640,000 feddan (1 feddan - 0.42 ha) reclamation plans will be prepared, 
and a start will be made with the implementation. 
The Reuse of Drainage Water Project aims to provide basic data, that 
can be used in the above mentioned planning. A measurement network has 
been established to provide these data. At drainage catchment level, 
discharges and drainage water quality are determined. Discharges from 
drainage pumping stations are calculated within the Reuse Project. 
Calibrations of these pumping stations are part of the Reuse Project 
activities and also provide data like operation hours and lifting head to 
calculate the discharges accurately. Discharges from areas drained by 
gravity are measured by appropriate methods depending on a number of 
constraints. Water samples at the locations s,hown in Fig. 1, Fig 5, and 
Fig. 10, (see Part A) are regularly taken. The chemical composition is 
determined and water quality parameters are calculated. Since 1985 on many 
open drainage locations salinity and level recorders have been installed. 
At pumping stations salinity observations have been made during this year, 
two times daily, by the pumping station engineers. The aim of this report 
is to present the basic chemical data in a suitable form for the potential 
user. A short description of the procedures that are followed, is included 
in this report. 
The chemical parameters and chemical composition are derived from 
analysis of water samples taken during the 3 - weekly field trips. 
Application of these data for different purposes is beyond the scope of 
this report. 
The cooperating institutes do not accept any responsibliliy for 
conclusions drawn on the basis of the data presented nor for the results 
of application of these data. 
The year 1985 can be considered as the first year with continuous 
data collection from open locations and pumping stations using recorders 
and portable EC meters. This continuous recording means higher accuracy of 
electrical conductivity and discharges. However not all locations of the 
network could be equiped in a short period. Therefore, for some locations 
the results are based on the data collected and water sampled during field 
trips every 3 weeks. 
2. DATA ELABORATION 
2.1. I n t r o d u c t i o n 
In this chapter an overview will be presented of the procedure of 
data elaboration. Two types of data are distinguished: discharges and 
chemical characteristics of the drainage water. Concerning the latter, 
the parameters given are the total dissolved salts, the electrical 
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conductivity, the sodium adsorption ratio and the adjusted sodium 
adsorption ratio. These parameters are calculated as monthly averages and 
weighted with respect to the discharges. The elaboration procedure for 
chemical analysis is in brief as follows: First entering the basic data on 
computer files. Then the total charge of both cations and anions is 
calculated. Simultaneously the electrical conductivity is calculated, 
based on the contribution of each ion to this conductivity. Results are 
listed and a manual check is performed. Deviations due to mistyping or 
wrong calculations are restored. If no reason can be found for the 
detected deviations, results are rejected. Discharges are obtained in 
different ways (PART A, chapter 1.). 
For the production of this part of the yearbook the discharges and 
electrical conductivity elaborated in part A of this yearbook have been 
used. The reason for coupling the hydrological data (discharges and EC) 
and chemical data is that the hydrological data are based on continuous 
monitoring. Therefore it is a better estimation of the monthly EC values 
than would follow from about 15 samples per year. 
If the average monthly EC values are available within the 
hydrological file, they are listed in the chemical yearbook. The other 
chemical parameters, as found from the samples, are then "tuned" to the 
hydrological EC values to obtain monthly average values for these 
parameters. 
If the EC data in the hydrological files are not based on frequent 
measurements, all chemical parameters, including EC, are calculated 
monthly values, obtained by linear interpolation between the dates of 
sampling and weighed with the discharges, if available. 
2.2. D a t a c h e c k i n g c h e m i c a l a n a l y s i s 
At the DRI laboratory the concentration of Ca, Mg, Na, K, C03, HC03 
and Cl has been determined. From the difference in total charge of the 
cations and the anions, the concentration of S04, has been calculated. 
Also the EC and pH is measured. Data checking includes first the 
calculation of the total charge of the anions and the cations. If typing 
errors during data entry occur, the sum of the charges is not zero. A 
second check is obtained by calculating the electrical conductivity and 
comparing this value with the measured one. Basis for this calculation is 
the assumption, that the EC of a solution, containing several different 
ions, is the sum of the contributions of the single ions. For the latter 
empirical relationships have been developed (ROEST, 1983). If the 
difference between calculated and measured EC is more than 10 %, an error 
may be assumed and the original data must be compared with the entered 
data. In case of deviations the entered data are corrected, otherwise this 
set of data has been rejected for further elaborations. 
2.3. D a t a p r e s e n t a t i o n 
The total discharge per year is calculated only in those situations 
that data of all months are available. The same holds for the average 
water quality parameters. 
The salinity, expressed in parts per million (ppm), is calculated by 
multiplying the concentration of each ion (in meq/liter) by its atomic 
weight, divided by its charge, and adding the results. 
-57-
The cationic composition of irrigation water determines its potential 
for sodium hazards for which the sodium adsorption ratio is a parameter. 




<0.5([Ca] + [Mg])) 
0.5 -0.5 
where'. SAR - sodium adsorption ratio (mmol .liter ) 
[Na] - sodium concentration (meq/liter) 
[Ca] - calcium concentration (meq/liter) 
[Mg] - magnesium concentration (meq/liter) 
In general irrigation water is classified in four categories with 
limits of the SAR value of 8, 12, and 18. When irrigation water has a SAR 
value exceeding 18 it is in general unsuitable for irrigation, except at 
low total salinity (TDS < 750) and using amendments. 
A second parameter to classify the sodium hazard is the adjusted SAR. 
It has been defined as: 
adj SAR - SAR(9.4 - pHc) 
0.5 -0.5 
where: adj SAR - adjusted sodium adsorption ratio (mmol .liter ) 
pHc - theoretical calculated pH value in equilibrium with lime 
The pHc is defined as: 
PHc - pK'2 - pK'c + p(Ca + Mg) + pAlk 
where pK'2 - negative value of the second dissociation constant of H2C03 
pK'c - negative value of the logarithmof the solubility product of 
CaC03 
p(Ca + Mg) - negative value of the logarithm of the molar 
concentration of calcium and magnesium 
pAlk - the equivalent concentration of titratable base of C03 and 
HC03 
At pHc values less than 8.4 the soluable calcium tends to precipiate, 
while at values greater than 8.4 there is a tendency to dissolve calcium 
carbonate (EL GUINDY, 1979). Values of adj SAR less than 6 do not cause 
permeablility problems when irrigation water is used with this value. 
Problems increase when the value is rising from 6 to 16. Severe 
permeability problems are expected when values rise above 16. Salinization 
hazards are classified by the total dissolved salt parameter, but are 
related to both drainage conditions and crop sensitivity. In general no 
problems have to be expected on poorly drained soils when the TDS is less 
than 750 ppm and when normal irrigation is practiced. 
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3. DISCHARGE AND CHEMICAL COMPOSITION EASTERN DELTA DURING 1985 
LOCATION I EBOl BILBEIS BRIDOE 1985 
THE WATER QUALITY DATA DURING I9S5 ARE BASED ON 12 WATER SAMPLES 



































































































































































































































LOCATION EB02 QALYUBEYA BRIDGE 1985 
Ti-iE WATER QUALITY DATA DURING 19S5 ARE BASED ON 12 WATER SAMPLES 


































































































































































































































LOCATION J EB03 WADI P.S. 1985 
THE WATER QUALITY DATA DURING 1935 ARE BASED ON 12 WATER SAMPLES 




































































































































































































































LOCATION t EB04 WADI RAILWAY BRIDGE 1935 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 12 WATER SAMPLES 



































































































































































































































LOCATION EB05 SAADA BRIDGE 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 11 WATER SAMPLES 



































































































































































































































LOCATION I EB06 SAADA P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 12 WATER SAMPLES 




































































































































































































































LOCATION I EB07 SAUD BRIDGE 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 10 WATER SAMPLES 

















9 2 . 7 5 
6 9 . 6 7 
7 8 . 8 7 
6 7 . 0 5 
6 8 . 5 9 
6 4 . 6 5 
7 1 . 3 3 
7 2 . 2 7 
7 5 . 2 4 
7 3 . 3 0 
7 7 . 6 4 
8 7 . 9 7 
















6 2 4 . 
8 8 1 . 
7 9 3 . 
8 8 1 . 
793 . 
793 . 
7 9 3 . 







7 . 6 0 
7 . 4 9 
7 . 5 2 
7 . 4 9 
7 . 5 2 
7 . 5 2 
7 . 5 2 
7 . 5 1 
7 . 5 6 
7 . 5 2 
7 . 5 2 
7 . 5 2 
7 . 5 3 
SAR 
3 . 1 9 
4 . 2 2 
3 . 8 7 
4 . 2 2 
3 . 8 7 
3 . 8 7 
3 . 8 7 
3 . 9 8 
3 . 5 3 
3 . 8 7 
3 . 8 7 




6 . 1 9 
9 . 0 4 
8 . 0 7 
9 . 0 4 
8 . 0 7 
8 . 0 7 
8 . 0 7 
8 . 3 6 
7 . 1 2 
8 . 0 7 
8 . 0 7 
S. 07 
7 . 9 8 
RSC 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
CA 
2 . 2 8 
2 . 9 6 
2 . 7 3 
2 . 9 6 
2 . 7 3 
2 . 7 3 
2 . 7 3 
2 . 8 0 
2 . 5 1 
2 . 7 3 
2 . 7 3 
2 . 7 3 
2 . 7 1 
MG 
1 .98 
2 . 5 7 
2 . 3 8 
2 . 5 7 
2 . 3 8 
2 . 3 8 
2 . 3 8 
2 . 4 4 
2 . 1 8 
2 . 3 8 
2 . 3 8 
2 . 3 8 
2 . 3 5 
NA 
4 . 6 5 
7 . 0 2 
6 . 1 9 
7 . 0 2 
6 . 1 9 
6 . 1 9 
6 . 1 9 
6 . 4 3 
5 . 4 0 
6 . 1 9 
6 . 1 9 
6 . 1 9 
6 . 1 1 
K 
. 3 2 
. 4 2 
. 3 9 
. 4 2 
. 3 9 
. 3 9 
. 3 9 
. 4 0 
. 3 5 
. 3 9 
. 3 9 
. 3 9 
. 3 8 
C03 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
HC03 
2 . 7 1 
3 . 5 2 
3 . 2 5 
3 . 5 2 
3 . 2 5 
3 . 2 5 
3 . 2 5 
3 . 3 3 
2 . 9 8 
3 . 2 5 
3 25 
3 . 2 5 
3 . 2 2 
S04 
3 . 1 0 
5 . 0 0 
4 . 3 3 
5 . 0 0 
4 . 3 3 
4 . 3 3 
4 . 3 3 
4 . 5 3 
3 . 6 9 
4 . 3 3 
4 . 3 3 
4 . 3 3 
4 . 2 7 
CL 
3 . 4 1 
4 . 4 3 
4 . 0 9 
4 . 4 3 
4 . 0 9 
4 . 0 9 
4 . 0 9 
4 . 19 
3 . 7 5 
4 . 0 9 
4 . 0 9 
4 . 0 9 
4 . 0 5 
LOCATION : EB08 B.BAQAR BRIDGE 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 12 WATER SAMPLES 
THE ELECTRICAL CONDUCTIVITY HAS BEEN CONTINUOUSLY RECORDED 
MONTH 
DISCH 
MIL M3 EC TDS PH SAR 
ADJ 















9 0 . 8 3 
8 6 . 10 
7 2 . 6 4 
6 9 . 3 0 
6 3 . 8 3 
7 2 . 6 5 
7 7 . 6 7 
7 9 . 9 4 
7 3 . 5 7 
8 3 . 9 6 
104 .80 














6 8 4 . 
864 . 
7 7 2 . 
864 . 
7 7 2 . 
7 7 2 . 
7 7 2 . 
684 . 
6 8 4 . 
864 . 
8 6 4 . 
6 8 4 . 
7 7 0 . 
7 . 4 8 
7 . 4 1 
7 . 4 4 
7 .41 
7 . 4 4 
7 .44 
7 . 4 4 
7 . 4 8 
7 . 4 8 
7 . 4 1 
7 . 4 1 
7 . 4 8 
7 .45 
3 . 0 8 
3 . 8 0 
3 . 4 3 
3 . 8 0 
3 . 4 3 
3 . 4 3 
3 . 4 3 
3 . 0 8 
3 . 0 8 
3 . 8 0 
3 . 8 0 
3 . 0 8 
3 . 4 3 
6 . 2 5 
8 . 1 8 
7 . 1 9 
8 . 18 
7 . 1 9 
7 . 1 9 
7 . 1 9 
6 . 2 5 
6 . 2 5 
8 . 1 8 
8 . 1 8 
6 . 2 5 
7 . 1 8 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
2 . 6 1 
3 . 0 9 
2 . 8 5 
3 . 0 9 
2 . 8 5 
2 . 8 5 
2 . 8 5 
2 . 6 1 
2 . 6 1 
3 . 0 9 
3 . 0 9 
2 . 6 1 
2 . 8 4 
2 . 3 8 
2 . 8 1 
2 . 6 0 
2 . 8 1 
2 . 6 0 
2 . 6 0 
2 . 6 0 
2 . 3 8 
2 . 3 8 
2 . 8 1 
2 . 6 1 
2 . 3 8 
2 . 5 9 
4 . 8 6 
6 . 5 3 
5 . 6 7 
6 . 5 3 
5 . 6 7 
5 . 6 7 
5 . 6 7 
4 . 8 6 
4 . 8 6 
6 . 5 3 
6 . 5 3 
4 . 8 6 
5 . 6 5 
. 3 4 
. 4 0 
. 3 7 
. 4 0 
. 3 7 
. 3 7 
. 3 7 
. 34 
. 3 4 
. 4 0 
. 4 0 
. 3 4 
. 3 7 
. 0 1 
- . 0 1 
. 0 1 
. 0 1 
. 0 1 
. 0 1 
. 0 1 
. 0 1 
. 0 1 
. 0 1 
. 0 1 
. 0 1 
. 0 1 
2 . 8 7 
3 . 3 9 
3 . 1 3 
3 . 3 9 
3 . 13 
3 . 1 3 
3 . 1 3 
2 . 8 7 
2 . 3 7 
3 . 3 9 
3 . 3 9 
2 . 8 7 
3 . 1 2 
3 . 4 5 
4 . 8 5 
4 . 12 
4 . 8 5 
4 . 12 
4 . 1 2 
4 . 12 
3 . 4 5 
3 . 4 5 
4 . 8 5 
4 . 8 5 
3 . 4 5 
4 . 1 1 
3 . 3 7 
4 . 5 7 
4 . 2 2 
4 . 5 7 
4 . 2 2 
4 . 2 2 
4 . 2 2 
3 . 8 7 
3 . 8 7 
4 . 5 7 
4 . 5 7 
3 . 8 7 
4 . 2 0 
LOCATION « EB09 B. BAQAR IRR. P .S . 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 12 WATER SAMPLES 
THE ELECTRICAL CONDUCTIVITY HAS BEEN CONTINUOUSLY RECORDED 
MONTH 
DISCH 
MIL M3 EC TDS PH SAR 
ADJ 













3 . 7 8 
2 . 6 6 
2 . 3 2 
2 . 3 9 
2 . 4 3 
2 . 2 7 
4 . 4 9 
3 . 7 2 
3 . 5 2 
3 . 9 2 
3 . 6 1 
3 . 6 0 
. 9 1 
1 .17 










5 7 6 . 
785 . 
6 1 5 . 
7 6 0 . 
8 1 0 . 
8 1 0 . 




6 7 9 . 
333 . 
7 . 4 3 
7 . 3 2 
7 . 4 0 
7 . 3 3 
7 . 3 1 
7 . 3 1 
7 . 3 7 
7 . 3 3 
7 . 3 8 
7 . 3 3 
7 . 3 7 
7 . 6 2 
2 . 6 5 
3 . 3 7 
2 . 7 9 
3 . 2 9 
3 . 4 5 
3 . 4 5 
2 . 9 8 
3 . 2 9 
2 . 9 6 
3 . 2 9 
3 . 0 1 
1 .72 
5 . 0 9 
7 .14 
5 . 4 3 
6 . 9 0 
7 . 3 3 
7 . 3 8 
6 . 0 3 
6 . 9 0 
5 . 9 5 
6 . 9 0 
6 . 10 
2 . 6 5 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
2 . 2 2 
2 . 8 5 
2 . 3 4 
2 . 7 8 
2 . 9 2 
2 . 9 2 
2 . 5 1 
2 . 7 8 
2 . 4 8 
2 . 7 8 
2 . 5 3 
1 .41 
2 . 1 6 
2 . 7 7 
2 . 2 7 
2 . 7 0 
2 . 8 4 
2 . 8 4 
2 . 4 4 
2 . 7 0 
2 . 4 2 
2 . 7 0 
2 . 4 6 
1 .37 
3 . 9 1 
5 . 6 5 
4 . 2 3 
5 . 4 4 
5 . 8 6 
5 . 8 6 
4 . 6 9 
5 . 4 4 
4 . 6 3 
5 . 4 4 
4 . 7 6 
2 . 0 3 
. 3 5 
. 4 5 
. 3 7 
. 4 3 
. 4 6 
. 4 6 
. 3 9 
. 4 3 
. 3 9 
. 4 3 
. 4 0 
. 2 2 
. 0 1 
. 0 1 
. 0 1 
. 0 1 
. 0 1 
. 0 1 
. 0 1 
. 0 1 
. 0 1 
. 0 1 
. 0 1 
. 0 1 
2 . 5 0 
3 . 2 1 
2 . 6 3 
3 . 1 3 
3 . 2 9 
3 . 2 9 
2 . 8 2 
3 . 13 
2 . 8 0 
3 . 13 
2 . 8 5 
1.59 
2 . 5 5 
3 . 9 9 
2 . 3 1 
3 . 8 1 
4 . 1 7 
4 . 1 7 
3 . 1 9 
3 . 8 1 
3 . 1 3 
3 . 8 1 
3 .24 
1.07 
3 . 5 7 
4 . 5 1 
3 . 7 6 
4 . 4 0 
4 . 6 1 
4 . 6 1 
4 . 0 1 
4 . 4 0 
3 . 9 7 
4 . 40 
4 . 0 4 
2 . 3 6 
1985 3 9 . 2 1 1.03 674 . 7 .37 3 .01 6.08 . 0 0 2.51 2 . 4 4 4 . 7 4 . 39 .01 2 . 8 2 3 . 2 4 4 . 0 0 
•61-
LOCATION I EBIO B. BAQAR P.S. 1983 
THE WATER QUALITY OATA DURING 1985 ARE BASED ON 12 WATER SAMPLES 



































































































































































































































LOCATION i EB11 B. BAQAR OUTFALL 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 12 WATER SAMPLES 



































































































































































































































-GCATION EB12 BATIKH CANAL 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 11 WATER SAMPLES 


































































































































































































































LOCATION « EFOl FARASQUR P.S. 198S 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 



































































































































































































































LOCATION ! EH01 SAFT EL GIBLY BR. 1935 
THE WATER DUALITY DATA DURING 1935 ARE BASED ON 15 WATER SAMPLES 



































































































































































































































LOCATION EH02 HANUT P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 




































































































































































































































LOCATION I EH03 SADAQA P.S. 1983 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 12 WATER SAMPLES 



































































































































































































































LOCATION x EH04 NIZAM BRIDGE 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 
THE ELECTRICAL CONDUCTIVITY HAS BEEN CONTINUOUSLY RECORDED 
MONTH 
DISCH 
MIL M3 EC TDS PH SAR 
ADJ 

















































































































































































































LOCATION : EH05 NIZAM P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 




































































































































































































































LOCATION i EH06 BANI EBEID P.S. 1985 
THE WATER OUALITY DATA DURING 1983 ARE BASED ON 13 WATER SAMPLES 



































































































































































































































LOCATION « EH07 ADD. QASSABI P.S. 198Î 
THE WATER OUALITY DATA DURING 1985 ARE BASED ON 12 WATER SAMPLES 



































































































































































































































LOCATION « EH08 MAIN QASSABI P.S. 1985 
THE WATER OUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 





































































































































































































































LOCATION I EH09 OENEENA P.S. 1985 
THE WATER QUALITY DATA DURING 1965 ARE BASED ON 13 WATER SAMPLES 



































































































































































































































LOCATION I EH10 ERAD P.S. 1985 
THE UATER QUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 



































































































































































































































LOCATION I EH11 B.HADUS BRIDGE 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 





































































































































































































































LOCATION I EH12 SAFT P.S. 1985 
THE WATER QUALITY DATA DURING 1983 ARE BASED ON 10 WATER SAMPLES 



































































































































































































































LOCATION I EH13 B. HADUS OUTFALL 198S 
THE WATER QUALITY DATA DURING 19e3 ARE BASED ON 13 WATER SAMPLES 





























































































































































































































LOCATION t EH14 OEMEEZA BRIDGE 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 13 WATER SAMPLES 




































































































































































































































LÜCATION I EH15 IDDOWWAR BRIDGE »985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 13 WATER SAMPLES 



































































































































































































































LOCATION 1 EH16 ARIN DRAIN 19S5 
"'HE WHTER QUALITY DATA DURING 1985 ARE BASED ON 11 WATER SAMPLES 



































































































































































































































LOCATION 1 EMOI MATARIA P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 13 WATER SAMPLES 





































































































































































































































LOCATION I ESOl UPPER SERW P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 



































































































































































































































LOCATION I ES02 LOWER SERW P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 



































































































































































































































L X AT ION E101 B. FAQUS CANAL 19S5 
'<•>£. WATER QUALITY DATA DURING 1935 ARE BASED ON 12 WATER SAMPLES 



















































































































































































































LOCATION I EI02 ISMAILIA CANAL 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 10 WATER SAMPLES 


































































































































































































































LOCATION I EI03 B. MOI IS b«f.mix 1985 
THE WATER QUALITY DATA DUR INO 1985 ARE BASED ON 14 WATER SAMPLES 



































































































































































































































LOCATION EI04 B. MOUS »ft.mix 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 13 WATER SAMPLES 































































































































































































































LOCATION I CI03 ». «UKHAVAR/OaMlav« IMS 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 



































































































































































































































LOCATION i E106 FARASQUR DAM 1985 
THE WATER QUALITY DATA DURING 1983 ARE BASED ON 14 WATER SAMPLES 
































































































































































































































4. DISCHARGE AND CHEMICAL COMPOSITION MIDDLE DELTA DURING 1985 
•71-
LOCATION I mOl UPPER P.S. NO 1 1*83 
THE WATER QUALITY DATA DURINO 1983 ARE BASED ON 12 HATER SAMPLES 
THE ELECTRICAL CONDUCTIVITY HAS NOT BEEN DAILY MEASURED OR RECORDED 
MONTH 
DISCH 
MIL M3 EC TDS PH SAR 
ADJ 

















































































































































































































LOCATION I M102 BRIDGE DRAIN NO 1 1985 
THE WATER QUALITY DATA DURINO 1983 ARE BASED ON 15 WATER SAMPLES 
THE ELECTRICAL CONDUCTIVITY HAS BEEN CONTINUOUSLY RECORDED 
MONTH 
DISCH 
MIL M3 EC TDS PH SAR 
ADJ 
























































































































































. 1 1 








































1983 90.53 1.23 801. 8.41 7.23 12.61 .00 1.11 1.73 8.61 .31 .11 2.72 5.03 3.89 
LOCATION I M103 P.S. LOWER No 1 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 15 WATER SAMPLES 




































































































































































































































LOCATION i M104 P.S. Nu 2 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 15 WATER SAMPLES 



































































































































































































































LOCATION : Mill P.S. NO 11 1985 
THE WATER DUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 



































































































































































































































LOCATION t M701 P.S. NO 7 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 




































































































































































































































LOCATION « M801 LOWER P.S. NO 9 1965 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 15 WATER SAMPLES 



































































































































































































































LOCATION : MG01 EAST MENUFEYA P.S. 1985 
THE WATER OUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 



































































































































































































































LOCATION 1 MG02 SEGAAYA P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 15 WATER SAMPLES 




































































































































































































































LOCATION I M003 MAHALLET RUH P.S. 1965 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 































































































































































































































LOCATION I MG04 SAMATAY P.S. 198Ï 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 15 WATER SAMPLES 



































































































































































































































LOCATION I MGO: P.S. NO 5 1985 
TME WATER QUALITY DATA DURING 1985 ARE BASED ON 15 WATER SAMPLES 




































































































































































































































LOCATION 1 MG06 CHARBIA BR. NO 6 198S 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 13 WATER SAMPLES 



































































































































































































































LOCATION I MG07 P.S. NO 6 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 13 WATER SAMPLES 



































































































































































































































LOCATION MG08 HAMUL P.S. 1935 
THE WATER DUALITY DATA DURING 1985 ARE BASED ON 13 WATER SAMPLES 




































































































































































































































LOCATION I MG09 P.S. NO 4 1983 
TME WATER QUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 



































































































































































































































LOCATION » MG10 P.S. NO 3 t985 
THE WATER QUALITY DATA DURING 1935 ARE BASED ON 15 WATER SAMPLES 



































































































































































































































LOCATION I MG11 GHARBIA BR. NO 7 1935 
TnE WATER DUALITY DATA DURING 1985 ARE BASED ON 13 WATER SAMPLES 
THE ELECTRICAL CONDUCTIVITY HAS BEEN CONTINUOUSLY RECORDED 
MONTH 
DISCH 
MIL M3 EC TDS PH SAR 
ADJ 

































































































































































































1985 833. 62 1.81 1149. 7.34 6.35 12.39 .00 3.01 3.36 11.33 .34 .01 2.28 6.10 9.65 
•77-
LOCATION t MG12 HAFIR SH. EL DIN P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 15 WATER SAMPLES 



































































































































































































































LOCATION I MO13 GHARBIA OUTFALL 1981 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 
THE ELECTRICAL CONDUCTIVITY HAS NOT BEEN DAILY MEASURED OR RECORDED 
MONTH 
DISCH 
MIL M3 EC TDS PH SAR 
ADJ 

































































































































































































l'-i'. 1057.65 3.70 2248. 7.03 11.25 23.75 .00 4.00 6.52 Î5.79 .61 .01 2.50 7.9« 26.42 
LOCATION I MK01 TILLA OUTFALL 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 




































































































































































































































LÛCATION l MNOl UPPER P.S. NO 6 1983 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 13 WATER SAMPLES 



































































































































































































































LOCATION I MN02 MANDURA P.S. 198Ï 
THE WATER QUALITY DATA DURINO 1985 ARE BASED ON 15 WATER SAMPLES 



































































































































































































































LOCATION : MN03 NASHART OUTFALL 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 15 WATER SAMPLES 




































































































































































































































LOCATIGN > MN04 ZEINI P.S. 1983 
THE WATER QUALITY DATA DURING 1983 ARE BASED ON 15 WATER SAMPLES 



































































































































































































































LOCATION ! MTOl TIRA P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 13 WATER SAMPLES 
THE ELECTRICAL CONDUCTIVITY HAS NOT BEEN DAILY MEASURED OR RECORDED 
MONTH 
DISCH 
MIL M3 EC- TDS PH SAR 
ADJ 

































































































































































































587.30 6.94 4183. 7.46 16.06 37.49 .00 6.41 13.05 50.11 .82 .02 2.93 11.48 55.95 
LOCATION : MI01 EDFINA BARRAGE 1985 
TME WATER QUALITY DATA DURING 1985 ARE BASED ON 12 WATER SAMPLES 
THE ELECTRICAL CONDUCTIVITY HAS NOT BEEN DAILY MEASURED OR RECORDED 
MONTH 
DISCH 
MIL M3 EC TDS PH SAR 
ADJ 




















































































































































401. 8.00 1.77 3.02 .00 1.84 1.38 2.24 .34 .03 1.94 2.21 1.62 
1985 
-80 -
LOCATION I MI02 EAST EDFINA P.S. 1985 
THE WATER DUALITY DATA DURING 1985 ARE BASED ON 7 WATER SAMPLES 
THE ELECTRICAL CONDUCTIVITY HAS NOT BEEN DAILY MEASURED OR RECORDED 
MONTH 
DISCH 
MIL M3 EC TDS PH SAR 
ADJ 




















































.60 427. 7.76 1.63 2.99 .00 2.03 1.62 2.21 
.53 405. 7.73 1.52 2.75 .00 1.97 1.57 2.02 
.54 363. 7.SI 1.31 2.29 .00 1.83 1.46 1.63 
•31 .02 2.27 2.18 1.72 
.30 .02 2.19 1.99 1.66 
.28 .02 2.04 1.65 1.54 
LOCATION 1 MI03 WEST EDFINA P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 5 WATER SAMPLES 



































































































































































































































LOCATION I MI04 BALAMOUN P.S. 1985 
THE WATER DUALITY DATA DURING 1985 ARE BASED ON 13 WATER SAMPLES 
































































































































































































































• 8 1 -
LOCATION I M105 BAHR EL ABASY 1985 
THE WATER QUALITY DATA DURING 1983 ARE BASED ON 12 WATER SAMPLES 































































































































































































































LÛCATI UN MI06 MIT YAZED CANAL 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 12 WATER SAMPLES 


























































































































































































































LOCATION M107 BAHR BASANDELA 1935 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 11 WATER SAMPLES 






























































































































































































































LOCATION t HI08 B. TIRA btf.nix 1983 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 12 WATER SAMPLES 



































































































































































































































LOCATION i MI09 B. TIRA »ft.mix 19S; 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 11 WATER SAMPLES 




































































































































































































































5. DISCHARGE AND CHEMICAL COMPOSITION WESTERN DELTA DURING 1985 
uOCATION l WBOl 8ARSIQ P.S. 1963 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 16 WATER SAMPLES 



































































































































































































































LOCATION I WE01 ETAY BARUD P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 



































































































































































































































LOCATION < WE02 SHUBRAKHIT P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 17 WATER SAMPLES 




































































































































































































































LOCATION I WE03 ZARQUN P.S. 1965 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 15 WATER SAMPLES 


































































































































































































































LOCATION ! WEÛ4 EDKO IRR. P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 16 WATER SAMPLES 



































































































































































































































LOCATION I WE05 DILINGAT P.S. 1935 
THE WATER QUALITY DATA DURING 1935 ARE BASED ON 16 WATER SAMPLES 




































































































































































































































LÜCATION : WE06 KHANDAK EL GH. P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 16 WATER SAMPLES 



































































































































































































































LOCATION ! WE07 KHAIRY P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 15 WATER SAMPLES 



































































































































































































































LOCATION » WE08 HALQ EL GAMAL P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 16 WATER SAMPLES 



































































































































































































































LOCATION I WE09 HALQ EL OAMAL BRIDGE 1983 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 16 WATER SAMPLES 
THE ELECTRICAL CONDUCTIVITY HAS NOT BEEN DAILY MEASURED OR RECORDED 
MONTH 
1 














2 2 . 1 5 
4 2 . 1 2 
5 6 . 4 3 
3 1 . 9 0 
4 1 . 5 3 
5 0 . 7 9 
6 9 . 1 4 
7 1 . 7 4 
9 1 . 1 8 
9 3 . 7 7 
5 7 . 5 3 
5 3 . 4 6 
6 3 6 . 7 9 
EC 
1.31 










2 . 0 0 
1.73 
TDS 
8 0 0 . 
1430 . 
1 1 7 1 . 
1067. 
8 9 2 . 
8 7 1 . 








7 . 6 3 
7 . 4 1 
7 . 4 9 
7 . 5 2 
7 . 5 9 
7 . 6 0 
7 . 5 7 
7 . 5 5 
7 . 4 8 
7 . 4 5 
7 . 5 6 
7 . 4 5 
7 . 5 1 
SAR 
4 . 4 3 
6 . 6 9 
5 . 8 1 
5 .44 
4 . 7 9 
4 . 7 1 
4 . 9 8 
5 . 1 7 
5 . 9 4 
6 . 2 3 
5 . 0 9 
6 . 2 8 
5 . 6 0 
ADJ 
SAR 




9 . 3 3 
9 . 0 9 
9 . 8 9 
10 .44 
1 2 . 7 6 
13 .64 
10 .21 
1 3 . 8 0 
1 1 . 6 8 
RSC 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
CA 
2 . 4 9 
4 . 1 1 
3 . 4 6 
3 . 2 0 
2 . 7 4 
2 . 6 8 
2 . 8 7 
3 . 0 1 
3 . 5 6 
3 . 7 7 
2 . 9 5 
3 . 8 1 
3 . 2 9 
MG 
2 . 5 3 
4 . 1 6 
3 . 5 1 
3 . 2 4 
2 . 7 8 
2 . 7 2 
2 . 9 1 
3 . 0 5 
3 . 6 0 
3 . 8 2 
2 . 9 9 
3 . 8 6 
3 . 3 3 
NA 
7 . 0 2 
1 3 . 6 1 
1 0 . 8 5 
9 . 7 6 
7 . 9 6 
7 .74 
8 . 4 7 
9 . 0 0 
1 1 . 2 5 
12 .13 
8 . 7 7 
1 2 . 2 9 
1 0 . 1 8 
K 
. 3 2 
. 5 2 
. 4 4 
. 4 0 
. 3 5 
. 3 4 
. 3 6 
. 3 8 
. 4 5 
. 4 8 
. 3 7 
. 4 8 
. 4 2 
C03 
. 0 1 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
HC03 
2 . 1 7 
3 . 5 8 
3 . 0 2 
2 . 7 9 
2 . 3 9 
2 . 3 4 
2 . 5 0 
2 . 6 2 
3 . 1 0 
3 . 2 8 
2 . 5 7 
3 . 3 2 
2 . 8 7 
S04 
4 . 1 6 
6 . 2 4 
5 . 4 7 
5 . 1 3 
4 . 5 1 
4 . 4 3 
4 . 7 0 
4 . 8 3 
5 . 5 8 
5 .84 
4 . 8 0 
5 . 8 8 
5 . 2 3 
CL 
6 . 0 0 
1 2 . 5 7 
9 . 7 6 
6 . 6 7 
6 . 9 1 
6 . 6 9 
7 . 4 1 
7 . 9 2 
10 .16 
11 .05 
7 . 7 0 
1 1 . 22 
9 . 1 1 
LOCATION I WE10 EDKO P .S . 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 15 WATER SAMPLES 

















3 . 4 3 
5 . 7 9 




2 0 . 4 1 
2 0 . 5 5 
2 0 . 2 6 
1 6 . 0 9 
1 2 . 7 8 
9 . 9 2 
159 .78 
EC 
4 . 7 7 
5 . 3 8 
4 . 4 9 
3 .84 
3 . 5 0 
2 . 8 7 
3 . 0 5 
2 . 6 9 
2 . 6 1 
3 . 2 0 
3 . 2 6 
4 . 1 0 
3 . 3 8 
TDS 
2 8 5 1 . 
3 2 0 1 . 






1 6 2 1 . 
1955. 
1989. 
2 4 6 8 . 
2057 . 
PH 
7 . 6 1 
7 . 5 6 
7 . 6 4 
7 . 7 0 
7 . 7 4 
7 . 8 3 
7 . 8 0 
7 . 8 6 
7 . 8 7 
7 . 7 8 
7 . 7 8 
7 . 6 8 




1 3 . 1 9 
1 1 . 6 9 
1 0 . 8 7 
9 . 2 8 
9 . 7 5 
8 . 8 1 
8 . 6 0 
10 .13 
1 0 . 2 8 




3 1 . 4 6 
3 5 . 5 4 
2 9 . 5 6 
2 5 . 0 8 
2 2 . 7 0 
18 .23 
1 9 . 5 2 
16 .94 
16 .36 
2 0 . 5 8 
2 1 . 0 1 
2 6 . 8 8 
2 1 . 9 1 
RSC 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
CA 
4 . 3 1 
4 . 7 2 
4 . 1 1 
3 . 6 5 
3 . 4 0 
2 . 9 2 
3 . 0 6 
2 . 7 8 
2 . 7 2 
3 . 18 
3 . 2 2 
3 . 8 4 
3 . 3 0 
MG 
7 . 8 2 
8 . 4 6 
7 . 5 3 
6 . 8 6 
6 . 5 1 
5 . 8 5 
6 . 0 4 
5 . 6 6 
5 . 5 3 
6 . 1 9 
6 . 2 6 
7 . 1 3 
6 . 3 8 
NA 
3 4 . 0 2 
3 3 . 8 4 
3 1 . 8 3 
2 6 . 7 9 
2 4 . 1 9 
19 .45 
2 0 . 7 9 
18 .11 
1 7 . 5 1 
2 1 . 9 2 
2 2 . 3 7 
2 8 . 8 0 
2 3 . 3 3 
K 
. 7 9 
. 9 0 
. 7 5 
. 6 4 
. 5 8 
. 4 8 
. 5 1 
. 4 5 
. 4 3 
. 5 3 
. 5 4 
. 6 8 
. 5 6 
C03 
. 0 3 
. 0 3 
. 0 3 
. 0 3 
. 0 3 
. 0 3 
. 0 3 
. 0 3 
. 0 3 
. 0 3 
. 0 3 
. 0 3 
. 0 3 
HC03 
3 . 3 3 
3 . 7 6 
3 . 1 4 
2 . 6 8 
2 . 4 4 
2 . 0 0 
2 . 1 3 
1.88 
1 .82 
2 . 2 3 
2 . 2 8 
2 . 8 6 
2 . 3 6 
S04 
9 . 6 3 
8 . 3 7 
8 . 6 9 
8 . 7 2 
8 . 6 5 
8 . 3 7 
S. 43 
8 . 2 5 
9 . 1 9 
8 . 5 5 
8 . 5 7 
8 . 7 3 
8 . 4 3 
CL 
3 4 . 9 6 
4 0 . 7 6 
3 2 . 3 7 
2 6 . 5 2 





2 1 . 0 2 
2 1 . 5 2 
2 3 . 8 3 
2 2 . 7 0 
LOCATION : WEH BOSSEILLY P . S . 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 16 WATER SAMPLES 
THE ELECTRICAL CONDUCTIVITY HAS NOT BEEN DAILY MEASURED OR RECORDED 
MONTH 
DISCH 
MIL M3 EC TDS PH SAR 
ADJ 















2 4 . 2 6 
2 2 . 4 1 
3 0 . 9 1 
3 8 . 8 2 
4 2 . 5 5 
4 5 . 0 1 
3 6 . 8 9 
4 1 . 9 3 
2 9 . 5 9 
2 5 . 0 6 
3 . 1 1 
4 . 3 4 
1 .21 
2 . 2 5 
1 .82 





2 . 2 1 
2 . 5 9 
1 9 5 1 . 
2822 . 






7 6 9 . 
1 0 1 1 . 
1340. 
1595. 
7 . 4 8 
7 . 3 3 
7 . 8 9 
7 . 6 2 
7 . 7 1 
7 . 5 2 
7 . 7 2 
7 . 7 7 
7 . 8 5 
7 . 7 4 
7 . 6 3 
7 . 5 6 
9 . 8 3 
1 2 . 5 9 
4 . 8 7 
7 . 7 2 
6 . 6 0 
9 . 0 9 
6 . 5 1 
5 . 9 4 
5 . 2 2 
6 . 3 0 
7 . 6 2 
8 . 5 8 
2 1 . 8 9 
3 0 . 8 6 
7 . 3 0 
15 .41 
1 2 . 0 9 
1 9 . 5 8 
11 .86 
10 .22 
8 . 2 5 
11 .23 
1 5 . 1 0 
1 8 . 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
3 . 9 1 
5 . 4 5 
1.52 
2 . 8 3 
2 . 2 9 
3 . 5 2 
2 . 2 5 
1.99 
1.67 
2 . 1 5 
2 . 7 8 
3 . 2 6 
5 . 3 9 
7 . 2 0 
2 . 3 7 
4 . 0 6 
3 . 3 8 
4 . 9 1 
3 . 3 3 
2 . 9 8 
2 . 5 7 
3 . 2 0 
4 . 0 0 
4 . 5 9 
2 1 . 1 9 
3 1 . 6 7 
6 . 7 8 
14 .34 
1 1 . 1 0 
18 .66 
1 0 . 8 3 
9 . 3 6 
7 . 6 0 
1 0 . 3 0 
1 4 . 0 3 
1 6 . 9 9 
. 8 2 
1 .15 
. 3 2 
. 5 9 
. 4 8 
. 7 4 
. 4 7 
. 4 2 
. 3 5 
. 4 5 
. 5 8 
. 6 8 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
. 0 2 
3 . 3 5 
4 . 6 8 
1.30 
2 . 4 3 
1.96 





2 . 3 8 
2 . 7 9 
7 . 4 3 
9 . 6 7 
3 . 4 4 
5 . 7 7 
4 .S5 
6 . 8 9 
4 . 7 3 
4 . 3 1 
3 . 7 3 
4 . 6 1 
5 . 6 9 
6 . 4 7 
2 0 . 4 4 
3 1 . 10 
6 . 2 3 
1 3 . 6 0 
1 0 . 4 2 
17 .91 
1 0 . 2 0 
8 . 7 2 
7 . 0 2 
9 . 6 3 
13 .30 
16 .24 
1935 3 6 3 . 7 7 2 . 0 4 1231. 7.66 7.27 13.94 . 0 0 2.56 3.70 12.86 . 54 .02 2.19 5.26 .19 
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LÛCATION « WTOl TABIA P.S. J983 
THE WATER QUALITY DATA DURING 1965 ARE BASED ON 14 WATER SAMPLES 



































































































































































































































LOCATION « WU01 SHEREISHRA BRIDGE 19SÎ 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 15 WATER SAMPLES 



































































































































































































































LOCATION x WU02 SHEREISHRA P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 16 WATER SAMPLES 




































































































































































































































LOCATION » WUIA MARKET BRIDGE 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 16 WATER SAMPLES 



































































































































































































































-ÛCATION I WU03 TRUGA P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 16 WATER SAMPLES 



































































































































































































































LOCATION : WU04 DUSHUDI BRIDGE 1985 
THE WATER QUALITY DATA DURING 1935 ARE BASED ON 16 WATER SAMPLES 




































































































































































































































LOCATION I WU05 DUSHUDI P.S. 1985 
THE WATER QUALITY DATA DURING 1965 ARE BASED ON 16 WATER SAMPLES 



































































































































































































































LOCATION : WU06 HARES P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 18 WATER SAMPLES 
















































































































































































































































LOCATION I WU07 ABIES P.S. + AOO. DIESEL htMf»S 1985 
THE WATER QUALITY DATA DURING 1935 ARE BASED ON 13 WATER SAMPLES 




































































































































































































































LOCATION I WU08 QALAA P.S. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 16 WATER SAMPLES 



































































































































































































































LOCATION WU09 MAX P.S. 19S5 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 16 WATER SAMPLES 
















































































































































































































































LOCATION ! WU10 MAEIUT KHALT P.S. 1985 
THE WATER QUALITY DATA DUR ING 1985 ARE BASED ON 16 WATER SAMPLES 
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i-OCATIÛN I WI15 KAFR DOUWAR BR I DOE 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 16 WATER SAMPLES 


































































































































































































































LOCATION : WI16 KHANDAK GHARBI IRR. 1985 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 



































































































































































































































LOCATION I WI17 DILINGAT BRIDGE 19S5 
THE WATER QUALITY DATA DURING 1985 ARE BASED ON 14 WATER SAMPLES 
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APPENDIX 1. TDS/EC RATIO PER LOCATION 
1-1. I n t r o d u c t i o n 
During the years 1980 till 1984 the quality of the drainage water in 
the Nile Delta has been based on the analyses of water samples taken at 
the locations of the network every two or three weeks. These analyses 
resulted in total dissolved salts (TDS) and electrical conductivity (EC) 
value. 
During the years preceeding 1985 most of the open drain locations 
have been equiped with EC recorders and the pumping station engineers have 
received portable EC meters to measure the EC of the pumped drainage water 
twice a day. This new situation of "continuous" EC recording means better 
reliability and the high variations in the monthly EC value's, observed in 
the past will be reduced. This "continuous" EC recording is the basis for 
further elaboration and calculation to daily, decade, monthly and yearly 
values. However, the EC values must be transformed to total dissolved 
salts (TDS), commonly used to present the salinity of the drainage water. 
For reasons of simplicity it was decided to establish, for each 
location in the network, the TDS/EC ratio of the drainage water. The TDS 
value is calculated then by multiplying the recorded EC value with the 
TDS/EC ratio. During the establishment of these TDS/EC ratio's it became 
clear that it varies from one location to the other and even from one 
sample to the other taken from the same location. Also the yearly average 
changes from year to year. For this reason it was dediced to use the 6 -
year running mean value. For 1985 the years 1980 through 1985 and for 1986 
the years 1981 through 1986 will be used. 
1-2. T h e T D S / E C r a t i o 
In Agriculture Handbook 60 of the United States Department of 
Agriculture the relation between the electrical conductivity (EC) and the 
salt content of various solutions is investigated and discussed in detail 
and shown graphically in several figures. The curves for the chloride 
salts and for Na2S04 almost coincide, but MgS04, CaS04 and NaHC03 have 
lower conductivities than the other salts at equivalent concentrations. In 
Fig. 1-1 the curves for single salt solutions are shown, in which the 
concentration is given in percent salts or parts per million and the 
conductivity in millimhos per cm at 25 degrees Celcius. 
From these curves two important conclusions can be drawn: 
- the TDS/EC ratio depends highly on the chemical composition of the 
solution 
- with increasing conductivity and concentration of a solution the TDS/EC 
ratio increases 
In Fig. 1-2 the curves of Fig. 1-1 are plotted on a linear scale. It 
can be seen that in the conductivity range of 0.5-1 mmho/cm a single 
MgS04 solution results in a TDS/EC ratio of about 900, while a single 
MgCL2 solution results in a TDS/EC ratio of 410. With the increasing 
conductivity range of 8 - 16 millimho/cm a single MgS04 solution results 









0.4 0.6 0.8 1 2 4 6 8 10 
Conductivity (mmho.cm'1 ) 
20 40 
Fig. 1-1. Concentration of single salt solutions in percent as related to 
electrical conductivity 
1-3. D e t e r m i n a t i o n 
a n d r e s u l t s 
o f t h e T D S / E C r a t i o 
The two factors mentioned, chemical composition, and level of 
salinity of a water sample determine the TDS/EC ratio. Within the 
measurement network in the Nile Delta there are about one hundred 
locations where water samples have been taken from 1980 till the present 
on a two or three weekly basis. These water samples have been analysed by 
the DRI laboratory and the chemical composition has been stored in the 
Data Base System of the Reuse of Drainage Water Project. 
-95-
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I O 1 2 4j 6 8 10 
see Detail 
15 20 30 
Conductivity (mmho.cm'M 
40 50 
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0 5 2 3 
Conductivity (mmho.cm ' ) 
Fig. 1-2. Concentration of single salt solutions in percent as related to 
electrical conductivity 
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The TDS/EC ratio per location from all the water sample analyses have 
been calculated by computer (about 9328 samples). This has been done for 
the years 1980 through 1986 and the yearly averages have also been 
calculated. The results of these calculations are shown in Tables 1-1, 1-2 
and 1-3 for the Eastern, the Middle and the Western Delta, respectively. 
The tables include the results of irrigation water and mixed irrigation 
and drainage water. The results of the TDS/EC ratio per water sample are 
available at the DRI. 
The accuracy of the yearly average TDS/EC ratio is given by the 
standard deviation which varies from 3 till 10 %. 
Based on these results three important conclusions can be drawn: 
- the TDS/EC ratio's of separate water samples at one location is highly 
variable during the year 
- the yearly average TDS/EC ratio per location varies from one year to the 
other 
- the "six year average" TDS/EC ratio differs from one location to the 
other. 
1-4. G r a p h i c a l p r e s e n t a t i o n o f t h e r e s u l t s 
In Fig. 1-3 the overall yearly averages of the TDS/EC ratio of the 
Eastern, Middle and Western Delta are shown. The three individual graphs 
show that the yearly average increases from the year 1980 till 1982, 
whereafter it decreases continuously through 1985 with again an increase 
in 1986. 
In Fig. 1-3 also the overall yearly averages of the TDS/EC ratio of 
irrigation and "mixed" water are shown. Because of the low number of water 
samples per Nile Delta area, this figure is based on all irrigation water 
samples collected in the Nile Delta. The ratio for the irrigation water 
shows the same tendency as that of the drainage water. The reliability of 
this graph, however, is low compared with the graphs of the drainage water 
due to the low number of watersamples and the change of locations. 
In Fig. 1-4 the areal distribution of the average TDS/EC ratio of the 
years 1980 - 1986 is given for the Nile Delta. 
The first findings of this mapping are: 
- the highest TDS/EC ratio's are found in the southern part of all Delta 
regions (bicarbonate type of water) 
- the TDS/EC ratio decreases in downstream direction, towards the 
Mediterranean Sea 
- the lowest TDS/EC ratio's are found in catchment areas bordering the 
Mediterranean sea with probably high seepage of very saline water 
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1980 1981 1982 1983 1984 1985 1986 
Year 
'80 - '85 '81 - '86 
Average 
Fig. 1-3. Yearly average TDS/EC r a t i o per Delta region over the years 1980 
- 1986 
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Fig. 1-4. Map of Nile Delta with TDS/EC ratio per catchment area, 
of the period 1980 - 1986. 
Averages 
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